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 In addition to the contribution of lipids to food texture and aroma, the effect of 
lipids on taste perception is now commonly studied. It has been found that lipids may 
affect taste perception through lipid composition (i.e., cis-polyunsaturated fatty acids).  
This study assessed the effect of lipid composition on the recognition thresholds 
of the basic tastes (i.e., sour, umami, bitter, salty, sweet) in emulsion model systems as 
well as taste intensities perceived at low suprathreshold concentrations. Taste thresholds 
and intensities in corresponding aqueous systems were determined for comparison. To 
evaluate the effect of lipid chemical composition on tastant detection, 20% oil emulsions 
were formulated with either anhydrous milk fat, soybean oil, or a blend comprised of a 
1:1 ratio (by weight) of milk fat and soybean oil. Prior to taste testing, emulsions were 
deemed to have the necessary physicochemical characteristics (i.e., stability, pH, droplet 
size, viscosity) for use in taste experiments. Thresholds were determined according to the 
iv 
 
ASTM forced-choice ascending concentration series method using 11 trained panelists. 
Taste intensities were rated on a numerical scale of zero to 15 by 10 trained panelists. 
As expected, aqueous thresholds were generally lower than those of respective 
emulsions; however, these differences were not always found to be significant. Though 
lipid composition affected emulsion thresholds slightly for all tastes except bitter, a 
significant relationship between thresholds and fat composition was not established. 
Taste intensity appears to increase proportionally to increases in tastant concentration at 
suprathreshold concentrations near recognition threshold. Some results from taste 
intensity experiments indicate that fatty acid composition may be influencing results, but 
the implications are unclear based upon these experiments. These results suggest that the 
role of lipids in taste perception is more complex than simply correlating with an increase 
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LITERATURE REVIEW 
Factors Affecting Human Taste Perception 
 
 Apart from the many and varied factors that affect the properties of a sample, 
emulsion, food, or beverage as they relate to taste perception, other factors exist that 
directly affect the ability of any given taste panelist to perceive a given taste—or even a 
certain tastant—and at what concentration, level of intensity, or time this occurs. For any 
human, these factors are a product of an individual’s genetics, environment, physical 
condition, and experience. 
 Broadly speaking, human genetics account for physiological factors such as taste 
perception being equal on both sides of the tongue (McMahon and others 2001), the 
occurrence of adaptation phenomenon where a stimulus is adapted to and no longer 
produces as strong of a response (DeSimone and Lyall 2006), deposition and retention of 
food material on the tongue surface, breakdown of food in the mouth by enzymes present 
in saliva (Van Aken and others 2007), and the amount of influence environmental versus 
genetic factors have upon taste perception (Kim and others 2004; Wise and others 2007; 
Sharma 2008). For example, evidence obtained from one epidemiological study using 
twins strongly suggests that genetics, not environment, is mainly responsible for sour 
taste recognition threshold levels, while environment is more important than genetics in 
determining salty thresholds (Wise and others 2007). 
 Considerable variation in taste perception may exist between individuals for many 
reasons, and can create difficulty when trying to draw conclusions from research results 
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(Pangborn and Trabue 1964). One source of genetic variation between individuals exists 
in whether or not an individual is able to taste PTC or PROP. These 2 compounds are 
either perceived as bitter or tasteless depending upon individual phenotype. They are also 
frequently used in bitter taste studies or in selecting participants for taste research (Wise 
and others 2007; Nakamura and others 2008; Sharma 2008). However, there is some 
debate as to whether the ability to taste these compounds is in fact correlated with other 
factors relating to sensory perception such as the perception of fat (Mattes 2007; Lim and 
others 2008). 
 Gender is another factor which is known to affect taste perception, and is often 
controlled for in studies by balancing the number of female and male participants 
(Pangborn and Trabue 1964; Koriyama and others 2002; Malone and others 2003), or 
even by having panelists of only one gender (Bakker and Mela 1996). Other studies 
choose to account for gender effects in analyzing results, and it has been observed that 
women may be more sensitive to salty and sour tastes than men (MacDonald and others 
1993a; Bakker and Mela 1996; Sharma 2008). 
 Age, like gender, is also known to affect taste perception, and some researchers 
choose to control this factor very tightly (MacDonald and others 1993a; Koriyama and 
others 2002; Malone and others 2003), while it is not uncommon to allow for an age 
range as large as 18 to 65 years. One study allowed for a range of 18 to 78 years without 
seeing a significant effect of age on the sensory perception of fat (Mela and others 1994). 
Taste perception has been documented, especially well for salty taste (Mattes 1997), to 
change over the course of maturing and aging. Umami taste thresholds were found to be 
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significantly higher for the elderly than for the young (Schiffman and others 1994). Fat 
content was found to be unrelated to pleasantness ratings of salty and sweet liquids for 
the elderly (average age of 82.3 years), but was related for young subjects (average age of 
22.4 years) (Warwick and Schiffman 1990). 
 Weight, nutritional status, body composition, and the physiological factors 
affecting them may influence taste perception as well as be influenced by it. Once again, 
many studies either control for these factors or examine their effects on taste perception 
directly (Warwick and Schiffman 1990; Mela and others 1994; Mattes 2007). Plasma 
leptin levels, affected by dietary factors, affect sucrose taste recognition thresholds 
(Nakamura and others 2008), while severely limited salt intake does not affect the 
perception of salty taste (Mattes 1997). Possible implications on the effects of free cis-
polyunsaturated fatty acids on human taste perception may be derived from a study which 
showed that though obesity-prone rats have a greater number of fatty acid-sensitive 
potassium channels in taste receptor cells than do those that possess obesity-resistance, 
these channels are markedly more responsive to polyunsaturated fatty acids in obesity-
resistant rats (Gilbertson and others 2005). The rats possessing resistance were also found 
to prefer solution containing subthreshold concentrations of saccharin with added 
polyunsaturated fatty acids to solution containing saccharin alone, but this was not true of 
the obesity-prone rats (Gilbertson and others 2005). 
 Several more factors that may influence the taste perception of an individual taste 
panelist are discussed briefly below: A panelist’s country of origin (MacDonald and 
others 1993a; Bakker and Mela 1996), culture (Bertino and others 1983; Mattes 1997), 
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food consumption (Mela and others 1992; MacDonald and others 1993a; Mattes 1994), 
and food preferences (Schiffman and others 1994; Mattes 1997; Luscombe-Marsh and 
others 2008) have been linked to the individual’s taste perception. Certain diseases and 
medications, as well as smoking, affect taste perception. Satiety, time of day, degree of 
training or taste testing experience, testing environment, sample temperature, pregnancy, 
etc. are all more factors that may influence an individual’s taste perception (Meilgaard 
and others 1999). 
 Factors of concern in taste experiments should be identified prior to designing 
experiments, and the execution of such experiments should be performed in such a 
manner that the factors of interest may be examined later in the analyses of results. 
Factors that may influence taste perception, but are not of interest in a particular study, 
should be carefully controlled in order to obtain results from which useful conclusions 




With the current level of knowledge existing in sensory science, it is understood 
that there are 5 basic tastes perceived by the taste receptor cells found in the human 
tongue and palate, namely: sweet, sour, salty, bitter, and umami, or glutamic taste. 
However, as recent as 10 years ago, the convention that only sweet, sour, salty and bitter 
were "basic tastes" persisted, excluding tastes such as metallic, alkaline, and umami 
(Vinas and others 1998). 
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 Although the discovery of umami occurred in 1908, its inclusion among the basic 
tastes did not occur until research in the late 1900's showed that there were specific nerve 
fibers—fibers responsible for conducting messages from the tongue to the brain—that 
respond to the glutamic salt monosodium glutamate (MSG), but are essentially 
unresponsive to the other 4 basic tastes (Yamaguchi and Ninomiya 1998). A basic or 
primary taste is one which cannot be produced by any combination of the other basic 
taste perceptions. A multivariate statistical procedure that assesses the degree of likeness 
between observations, known as multidimensional scaling, also showed that the neurons 
that responded to MSG were different from those that responded to the other tastes, more 
especially salty, because "the neuronal representation of MSG fell outside of the space 
defined by other basic tastes."  
 
Taste Producing Compounds 
Bitter 
 Molecules capable of producing bitter taste come from many different chemical 
classes and have a wide variety of structures. The strongest and most significant bitter 
compounds include alkaloids such as nicotine, quinine, caffeine, and strychnine alongside 
some terpenoids and flavanoids (Ley 2008). Other bitter compounds include urea, methyl 
xanthenes (Herness and Gilbertson 1999; Frank and others 2001), salts such as calcium 
chloride (Neyraud and Dransfield 2004), magnesium sulfate, and sodium sulfate (Ley 
2008), anethole (McNulty 1974), the amino acids leucine (Koriyama and others 2002) 
and L-tryptophan (D-tryptophan is actually sweet), and caffeine (Mattes 2007; Neta and 
others 2007b; Keast and Roper 2007). Various bitter tastants are used in sensory research, 
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but quinine (quinine sulfate or quinine hydrochloride) seems to be the most commonly 
employed (Stevens 1995; Koriyama and others 2002; Lugaz and others 2005). However, 
2 compounds either perceived as bitter or tasteless, depending upon individual 
phenotype: PTC and PROP are also frequently used in bitter taste studies or in selecting 
participants for taste research (Keast and Roper 2007; Nakamura and others 2008; 
Smutzer and others 2008). 
Sweet 
 Compounds able to produce a sweet taste sensation are also extremely variable. 
Naturally-occurring sweet tasting compounds include carbohydrates and some amino 
acids, while artificial sweeteners include: saccharin, cyclamate, aspartame, acesulfame-K, 
and sucralose (Gilbertson and others 2005; Riera and others 2007; Nakamura and others 
2008). Though the naturally-occurring sugars fructose and glucose may be used for taste 
research (Marsh and others 2006; Nakamura and others 2008), sucrose is by far the most 
commonly used (Wiet and others 1993; Shepherd and others 2008; Hollowood and others 
2008). 
Sour 
 Unlike sweet and bitter tastes, sour taste perception is thought to be directly 
correlated with hydrogen ion concentration as well as protonated organic acid species, 
without regard for acid structure or species (Johanningsmeier and others 2005; Neta and 
others 2007b). Taste studies have employed the following sour tastants: acetic, lactic, 
adipic, malic, tartaric, succinic, fumaric, hydrochloric, (Koriyama and others 2002; Lugaz 
and others 2005; Neta and others 2007b) L-ascorbic, and quinic acids (Marsh and others 
7 
 
2006; Smutzer and others 2008). However, once again a single tastant is predominately 
used in the literature, that being citric acid in this case (Pangborn and Trabue 1964; 
Stevens 1995; Laugerette and others 2007). 
Salty 
 Salty taste is produced by very few compounds. In fact, sodium chloride seems to 
be the only salty tastant commonly used (Warwick and Schiffman 1990; Mattes 2007; 
Laska and others 2008). This is due to the fact that only other cations, such as lithium, 
that are small enough to fit through the ion channel responsible for detecting salty taste 
stimulus can produce salty taste (Mattes 1997). Such specificity has thereby made it 
difficult to discover or develop any acceptable salt substitutes. 
Umami 
 Umami, like salty taste, is produced by a limited number of compounds. This taste 
sensation is produced mainly by MSG (Schiffman and others 1994; Koriyama and others 
2002; Nakamura and others 2008), but it is not uncommon to find its use coupled with 
inosine- 5’monophosphate which, like some other 5’-ribonucleotides, can produce umami 
taste and seems to enhance the perception of MSG itself (Yamaguchi and Ninomiya 
1998; Koriyama and others 2002; Luscombe-Marsh and others 2008). Additionally, the 
presence of glutathione, a well known tripeptide in organisms, has also been found to 




Understanding Human Taste Perception 
Measuring taste perception 
 A variety of methods are employed in order to gain a better understanding of taste 
perception; more specifically, taste perception as it relates to humans, health, and 
behavior. Descriptions of several such methods follow. 
Taste perception is commonly researched on the cellular level through 
electrophysiological measurements, including patch clamp recording which allows the 
measurement of activity of single ion channels from taste receptor cells under varied 
intra- and extra-cellular conditions (Gilbertson and others 1997; Herness and Gilbertson 
1999; DeSimone and Lyall 2006). Tribology is a technique that relates the lubricational 
behavior of a food product to sensory perception. It can be conducted using artificial 
surfaces or tissue from a tongue (such as that of a pig) (Dresselhuis and others 2007, 
2008a). Electrogustrometry is a technique that uses a weak electrical current to estimate 
human taste thresholds (Lobb and others 2000; Stillman and others 2003). Often, 
physiological studies on taste transduction mechanisms are conducted using animals, or 
the tissues or cells of animals, such as frog, rat, hamster, mudpuppy, mouse, and 
chimpanzee and other primates (Neta and others 2007a; Laska and others 2008). Animal 
behavioral or preference studies also provide information that may be used to elucidate 
the effects of various factors on taste perception (Smith and others 2000; Gilbertson and 
others 2005; Laska and others 2008). However, differences in the chemical sensitivity of 
taste receptor cells do exist between species, so not all conclusions from research using 
one species may be true of another (Neta and others 2007a). 
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 Although the methods above are common, just as common are studies (such as the 
one described in this paper) where human taste perception is evaluated directly. Panelists, 
human subjects who participate in such research, may be trained to evaluate taste 
attributes of interest (Pangborn and Trabue 1964; Herness and Gilbertson 1999; Keast 
and Roper 2007), untrained (McNulty 1974), or selected to participate in research based 
on a set of relevant criteria (Mattes 2007). Human taste perception may be evaluated in a 
variety of media, with aqueous solutions being quite common (MacDonald and others 
1993b; Stevens 1995; Keast and Roper 2007). Another neutral medium for determining 
taste perception is a “taste strip” that is made of a tasteless, edible polymer that allows for 
the incorporation of a tastant into the strip (Smutzer and others 2008). Any food matrix of 
interest may be used for taste experiments (i.e., pickle, tomato paste, ice cream, or a 
model system such as an emulsion); however, the more complex the matrix, the more 
important the use of trained panelists may be in order to obtain informative results. The 
matrix of interest should also be carefully chosen because the presence of multiple tastes 
is known to influence taste perception. For example, tastes can be perceived at lower 
concentrations in heteroquality taste mixtures than in solutions containing just one tastant 
(Pangborn and Trabue 1964; Stevens 1995). Furthermore, human taste perception may be 
characterized in a number of ways. These include: taste threshold determination (i.e., 
detection, recognition, difference, or terminal) and taste intensity determination which 




There are 4 different kinds of taste threshold measurements (Meilgaard and others 
1999): 1) A detection, or absolute, threshold is the lowest concentration of a tastant able 
to produce a sensation. 2) A recognition threshold is the lowest concentration at which 
the tastant produces a strong enough sensation that it may not only be perceived, but 
identified as being sweet, sour, or salty, etc. 3) A difference threshold is the change in 
tastant concentration necessary to produce a perceivable change in the intensity of the 
taste. 4) A terminal threshold is the concentration above which no increase in the 
intensity of the taste is perceived. 
 Several methods for threshold determination exist, and the variations on these 
methods are many. Some examples of the methods used include: adaptive staircase 
(Linschoten and others 2001; Nakamura and others 2008), “forced-choice version of up-
and-down tracking” (Stevens 1995), the “two-ascending forced-choice” or “2-AFC” 
procedure (Shepherd and others 2008), and the “three-ascending forced-choice” or “3-
AFC” procedure (MacDonald and others 1993b; Mattes 2007; Luscombe-Marsh and 
others 2008) which is a standard method of the American Society for Testing and 
Materials (ASTM Committee E18 2004). 
Taste intensity 
 The intensity, or strength, of the perception of a taste may be quantified by taste 
panelists using one of several types of scaling methods. Taste intensity scaling methods 
generally fall into one of 3 categories (Meilgaard and others 1999): 1) category, 2) line, 
and 3) magnitude estimation. For category scaling, panelists are asked to rate intensity by 
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assigning the taste attribute of interest to the appropriate category. Categories can be 
either numbers or words, should be balanced, and cover the whole spectrum (i.e., “No 
Flavor” to “Extremely Strong Flavor”) (Metcalf and Vickers 2002; Johanningsmeier and 
others 2005; Neta and others 2007b). Line scaling requires panelists to rate the intensity 
of an attribute by placing a mark on a horizontal line representing the spectrum of 
intensities possible from “none” to “extremely strong” (Baryłko-Pikielna and others 
1994; Wendin and others 1997; Charles and others 2000). Line scales may or may not 
have numerical or descriptive anchors placed along the scale, but generally the left and 
right ends of the line correspond to weak and strong stimuli, respectively. Finally, 
magnitude estimation is a rating technique where panelists assign a numerical intensity to 
a reference sample, or modulus, and rate all other samples relative to it (McNulty 1974; 
Kokini and others 1982; Neyraud and Dransfield 2004). For example, a sample half as 
strong in taste intensity as the modulus would receive a numerical rating half that of the 
modulus. 
 As with threshold determination methods, each scaling method is commonly used, 
as various examples of studies using category, line, or magnitude estimation may be 
found. The taste intensity experiments reported in this paper employed a numerical 
category scale of zero to 15, with categories in increments of 0.5. 
Emulsions 
Emulsion model systems 
 The main object of this research is to take a systematic look at how lipid 
composition affects the recognition thresholds, as well as intensity perceptions, of the 5 
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basic tastes in oil-in-water emulsions relative to those determined in an aqueous system. 
An emulsion is, by definition, a system containing both an aqueous and a lipid phase with 
one phase being continuous and the other dispersed (Kokini and Van Aken 2006). The 
point where these phases meet is called the interface which is a region of high surface 
tension, due to the immiscibility of the 2 phases. In spite of their inherent instability 
(discussed in the following section), emulsions are a good choice for a model system in 
which there are aqueous and lipid components involved—as emulsification can produce a 
more homogeneous mixture of the 2—and are commonly used for sensory studies with 
varied objectives related to understanding human taste perception: how it changes as a 
function of time in flavored emulsions (McNulty 1974), how it is affected by emulsion 
type (Baryłko-Pikielna and others 1994), how it is affected by emulsion structure (Bakker 
and Mela 1996), how it is affected by emulsifier type (Moore and others 1998), how it is 
affected by different oils (Koriyama and others 2002), how it is affected by the oral 
behavior of emulsions (Malone and others 2003), and how it is affected by emulsion 
composition and structure both (Vingerhoeds and others 2008). Additionally, an emulsion 
is an appropriate model system for investigations such as this because many applications 
where an understanding of the way lipid composition affects the perception of the basic 
tastes would be valuable already involve emulsions: milk, cream, batters, frostings, 





 Common acceptance of the theory that the aqueous concentration of a tastant is 
mainly responsible for the taste perceived upon sampling an emulsion or other food 
product (McNulty 1974; Baryłko-Pikielna and others 1994; Ohta and others 1979) 
justifies the use of an oil-in-water emulsion (rather than water-in-oil) where the aqueous 
phase is the continuous phase, and thereby, may be more readily accessible to taste 
receptor cells on the tongue. According to the report of Bakker and Mela (1996) taste 
perception has been observed by multiple researchers (including themselves) to occur 2 
times faster in oil-in-water emulsions versus water-in-oil emulsions. Though there is 
some disagreement as to whether the taste intensities perceived in water-in-oil emulsions 
are diminished relative to similar oil-in-water most results indicate that the intensities 
perceived are actually equivalent (Ohta and others 1979; Baryłko-Pikielna and others 
1994; Bakker and Mela 1996). Furthermore, the use of emulsions with a relatively low 
lipid to aqueous phase concentration (i.e., 20:80) may provide either of the following 
benefits to the research reported in this paper: 1) reduced binding of lipophilic flavors to 
the food matrix, 2) quicker and more intense flavor release upon sampling (Malone and 
others 2003). 
Lipid phase composition 
 Soybean oil is a vegetable oil high in polyunsaturated fatty acids, more especially 
linoleic acid which accounts for approximately half of its fatty acid composition (Kris-
Etherton and others 2002). It has been suggested that cis-polyunsaturated fatty acids may 
bind to certain taste receptor cells, and thereby, alter taste perception of some compounds 
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(Herness and Gilbertson 1999; Gilbertson and others 1997). More generally, the degree 
of saturation and chain length of fatty acids is believed to be at least partially responsible 
for the influence of lipids on taste detection mechanisms, and thereby, on taste perception 
(Mattes 2005). However, this is not yet well understood, and other factors such as 
genetics and nutritional status may also play important roles (Mattes 2005). 
 Anhydrous milk fat is essentially pure milk fat (at least 99.8%) produced from 
either fresh cream or butter, and is being used more and more in blends containing butter 
and vegetable oils (Bylund 2003). It is high in triacylglycerols containing saturated fatty 
acids, with a diverse fatty acid composition high in myristic, palmitic, stearic, and oleic 
acids and low in polyunsaturated fatty acids (less than 3%) (Hammond 2000). Therefore, 
milk fat would be expected to modulate taste perception quite differently from soybean 
oil, and to be unable to produce any of the affects attributed to the interaction of cis-
polyunsaturated fatty acids with certain K+ channel-containing taste receptor cells 
(Gilbertson and others 1997). 
Emulsifiers 
 Emulsifiers are amphiphilic compounds, meaning compounds that have a 
hydrophilic and a hydrophobic portion, used to stabilize emulsions. This stabilization 
effect is achieved when the emulsifier orients itself between the two immiscible phases of 
an emulsion, and thereby decreases interfacial tension by positioning the hydrophilic 
portion within the aqueous phase and the lipophilic portion within the lipid phase. 
Various emulsifiers are available to use in food oil-in-water emulsions. These emulsifiers 
are obtained from the proteins of plants, milk, and animals, from polysaccharides, or 
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other compounds such as sucrose esters (Baryłko-Pikielna and others 1994; Koriyama 
and others 2002; Kokini and Van Aken 2006). An emulsifier to be used in emulsions for 
taste experiments should generally not impart strong off flavors to the emulsion, nor 
should it alter the viscosity or other physical characteristics that may confound the results 
of the taste experiments performed. Although WPI does impart slight flavor and odor, it 
was chosen for use in these experiments because it is an emulsifier commonly used in the 
food industry. Additionally, WPI has been found to satisfy the later requirement at the pH 
and ionic strength of the formulation used for the experiments discussed later in this 
paper as well as for the processing conditions (i.e., heating) used (Demetriades and others 
1997a, b).  
Emulsion Stability 
Changes during Storage 
 As already briefly discussed, emulsions are inherently unstable systems which 
require the help of emulsifiers to improve their stability. However, other factors such as 
temperature (i.e., heating and cooling during storage), pH, ionic strength, time, and the 
presence of other additives may contribute to or detract from this stabilizing effect 
(Kokini and Van Aken 2006). The shelf life of an emulsion is also affected by factors 
other than its stability, such as the oxidative stability of the fatty acid components of its 
lipid phase as well as its susceptibility to spoilage. All of these factors must be considered 
to some degree when emulsions are to be used for taste research where sample stability, 
quality, and safety are important. Soybean oil, a component of the lipid phase of some of 
the emulsions used for this research, is known for its susceptibility to oxidation and the 
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accompanying flavor deterioration that occurs with it (Lee and Min 1990) due to the 
presence of a higher concentration of polyunsaturated fatty acids. Measures such as 
storing the oil at cool temperatures, limiting exposure to oxygen, and storing the 
emulsions for only a short period of time before experiments may be taken to overcome 
this challenge. Using emulsions manufactured for taste experiments shortly after 
manufacture is also the primary way to avoid spoilage of the emulsions by 
microorganisms and the quality and safety concerns that would accompany it. 
Destabilization phenomena 
 Emulsions are observed to destabilize by a variety of mechanisms, including 
flocculation, coalescence, sedimentation, and creaming. Each of these destabilization 
mechanisms involves decreasing the dispersion of the dispersed phase. More specifically, 
in oil-in-water emulsions, flocculation occurs when the dispersed oil droplets begin to 
aggregate. When these smaller oil droplets join together to form larger droplets, 
coalescence occurs. Creaming involves the release of the dispersed phase as free fat 
which rises to the top of the emulsion, while sedimentation involves the settling out of 
emulsion components. 
Factors affecting destabilization 
 The addition of electrolytes such as sodium chloride or citric acid to an emulsion 
system can promote flocculation (regardless of emulsion type) at some suprathreshold 
concentrations (Baryłko-Pikielna and others 1994). The reason behind this is related to an 
increasing number of electrostatic interactions between particles in an emulsion with 
increasing electrolyte concentration or ionic strength. With increasing interactions 
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between these particles, emulsion stability decreases. Emulsions containing 
suprathreshold concentrations of sodium chloride were observed to break down rapidly 
when tested with a constant stress rheometer at settings above 30 s-1. In corn oil-in-water 
emulsions (with WPI used as the emulsifier) high ionic strength was observed to increase 
emulsion susceptibility to flocculation when emulsions (at pH 7) were heated to between 
70 and 80 °C (Demetriades and others 1997b). Emulsions were observed to become 
paste-like around the isoelectric point of WPI, or pH 5, while remaining fluid-like at pH’s 
greater than 6, such as those pH’s observed for emulsions used in the experiments 
discussed later in this paper (Demetriades and others 1997a, b). Once again, this effect 
was accentuated in emulsions of high ionic strength (Demetriades and others 1997a). 
This flocculation—caused by high ionic strength, pH’s near the emulsifier’s isoelectric 
point, and high heating temperatures—in turn increases the viscosity of the emulsions 
and their susceptibility to creaming (Baryłko-Pikielna and others 1994; Demetriades and 
others 1997a, b).  
As just alluded to, the effectiveness of an emulsifier (WPI in the case of the 
research presented in this paper) is affected by the pH of the emulsion in which it is 
present. Emulsifiers are most functional at a state intermediate to their being completely 
denatured and not denatured at all. This state allows for maximum interaction of the 
emulsifier with both the hydrophobic and hydrophilic components of the emulsion, thus 
reducing the interfacial tension between the 2 phases and increasing emulsion stability. 
As pH affects the denaturation state of an emulsifier, the system in which a given 
emulsifier is used (i.e., WPI) should be in a pH range where the emulsifier is capable of 
18 
 
stabilizing the emulsion system. WPI functions well at a pH range surrounding neutral 
pH (7). The pH range of the emulsions formulated for the experiments described in this 
paper is contained within that range. 
The size of the oil droplets in the dispersed phase (droplet size) may also 
influence the stability of emulsions, and is controlled largely by the processing conditions 
used during emulsion homogenization (Rousseau 2000). Droplets must be the right size 
to allow for crystallization, which occurs during cooling, without crystallization causing 
the droplets to break and coalesce (Coupland 2002). Previous work in Dr. Martini’s lab 
showed that lipid crystallization in emulsions is not only delayed by the presence of small 
droplets but also by other processing conditions such as cooling rate and oil content in the 
emulsion (Martini and Tippetts 2008; Tippetts and Martini 2009a, b). Interactions 
between droplets (i.e., electrostatic and colloidal) also influence emulsion stability 
(Demetriades and others 1997a, b).  
Several other studies have been performed on the stability of emulsions to 
temperature fluctuations during storage in relation to emulsifier type (Thanasukarn and 
others 2004b), and on how additives—including sucrose which was found to improve 
stability against coalescence, especially at cooler storage temperatures—influence 
stability (Thanasukarn and others 2004a; Gu and others 2007). 
Emulsion stability 
 The extent that a food emulsion becomes destabilized over time determines its 
quality and shelf life. The kinetics of emulsion destabilization may be followed using a 
vertical scan macroscopic analyzer. This instrument uses a series of backscattering 
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measurements on an emulsion, taken at predetermined time intervals, to profile changes 
in the emulsion. This allows for the inference of emulsion stability and the kinetics 
thereof. This technique has been described in detail by Mengual and others (1999) and by 
Martini and Tippetts (2008). 
 It has been found that protein-poor (i.e., unstable) emulsions have a higher 
retention on the tongue of the taster than stable emulsions (Van Aken and others 2007; 
Dresselhuis and others 2008b). This adhesion to the tongue surface imparts some 
resistance to rinsing with saliva; however, the implication of this phenomenon on taste 
perception is not yet well understood. Furthermore, the release of emulsion droplets, free 
fat, and flavors by break up of emulsion in the mouth, along with saliva-induced droplet 
aggregation, certainly affect emulsion sensory properties. However, this is very much 
system-dependent and cannot be generalized due to its complexity (Kokini and Van Aken 
2006, 2007; Silletti and others 2008). Finally, it has been theorized that water-in-oil 
emulsions undergo phase reversion in the mouth, upon dilution with saliva, to become 
oil-in-water emulsions (Baryłko-Pikielna and others 1994; Bakker and Mela 1996). Thus, 
explaining the observation that taste intensities are not altered by emulsion types 
(Baryłko-Pikielna and others 1994; Bakker and Mela 1996). 
 
Effects of Droplet Size, Viscosity, and pH on Taste Perception 
Droplet size 
 The droplet size of the dispersed phase droplets in a food emulsion may influence 
the sensory perception of the emulsion upon tasting. The effect of droplet size on taste 
may be explained by 2 factors: 1) the mean droplet size, and 2) the droplet size 
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distribution. As droplet sizes were increased from 15 to 90 μm, they were found to 
exhibit both enhancing and inhibiting effects on the flavor release of various compounds, 
though this had only a small effect on flavor perception (Charles and others 2000). In 
milk fat-in-water emulsions, emulsified by sodium caseinate, with oil volume fractions 
tested including 20%, changing the oil droplet size from 0.5 to 2 μm was observed to 
have no effect on taste perception (Akhtar and others 2005). Emulsion taste perception 
was shown to be unaffected by varying droplet sizes from 0.5 μm to 6 μm in low-
viscosity model emulsions containing sunflower oil, milk fat, or palm fat (Vingerhoeds 
and others 2008). It has also been found that the intensity of sweetness (produced by the 
addition of L-alanine) and bitterness (produced by the addition of quinine sulfate) in 
emulsions of soybean oil triacylglycerols were both significantly lower for droplet sizes 
of 1 μm than for those of 5.5 μm (Nakaya and others 2006). In agreement with the 
previously discussed study, changes in droplet size did not affect rated taste intensities of 
the tastes investigated (i.e., sweet, bitter, sour, and other non-basics) in control emulsions. 
Viscosity 
 Taste perception in aqueous systems versus non-aqueous systems (i.e., some food 
products) is often not well correlated (Nakaya and others 2006). This may be explained in 
part by the fact that diffusion of tastants to taste receptor cells may occur more readily in 
less viscous food matrices, thus facilitating taste perception. Generally speaking, taste 
detection has been found easiest in a liquid, somewhat more difficult in a foam, and more 
so in a gel (Nakaya and others 2006). Increasing the oil content of low-viscosity 
emulsions, similar to those used in the research to be reported in this paper, was found to 
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increase viscosity and to decrease the perception of sweet and sour taste intensities 
(Vingerhoeds and others 2008). The addition of hydroxypropyl methyl cellulose 
thickener to sucrose-sweetened emulsions was found to suppress the perception of sweet 
taste (Vingerhoeds and others 2008). Similar findings were obtained from a study using 
tomato solids sweetened with sucrose and fructose, and it was concluded that the 
decrease in sweet taste was correlated with the decrease in the diffusion coefficient of the 
tastant (Kokini and others 1982). A third study determined that the flavor of sour milk 
[buttermilk] was affected by both fat content and by the presence of thickeners (Wendin 
and others 1997). Once again, increasing viscosity was found to decrease flavor 
perception (i.e., sour taste) (Wendin and others 1997).  
Many experiments require the addition of thickeners to control for viscosity 
differences in experimental samples due to the effect viscosity has on the perception of 
tastes (Baryłko-Pikielna and others 1994; Kostyra and Baryłko-Pikielna 2007; Chalé-
Rush and others 2007b). However, “small” differences in measured viscosity appear to 
have a negligible affect on taste perception, even when they may be perceived (Bakker 
and Mela 1996). Though changing viscosity is known to affect taste perception, taste and 
aroma release are more markedly affected by changes in fat level than changes in 
viscosity (Malone and others 2003). 
In summary, viscosity should be accounted for and/or adjusted accordingly when 
performing taste experiments. A final reason for this is that panelists only asked to rate 
another attribute, such as taste intensity, may rate that attribute in a way that reflects 
differences in other perceivable sensory attributes which they were not asked to rate (i.e., 
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sample thickness). This practice is called “dumping,” and could be a source of bias in 
experimental results where viscosity differences were not considered in either 
experimental design or analyses. 
pH 
 The pH of a food emulsion may indirectly or directly affect taste perception. A 
pH that induces flocculation in a food emulsion may indirectly affect taste perception, as 
discussed above, by increasing the viscosity of the emulsion (Demetriades and others 
1997a). While hydrogen ion concentration directly influences the intensity of the sour 
taste perceived. This was illustrated in emulsions where the intensity of sour taste was 
highly statistically significant between emulsions at pH 6.7 and pH 3.0 with similar 
viscosities (Vingerhoeds and others 2008). However, there is still debate as to whether 
pH alone is accountable for sour taste perception in addition to how sour taste receptors 
function and to what molecules they respond (Shallenberger 1996; Johanningsmeier and 
others 2005; Neta and others 2007a). Recent research suggests that sour taste intensity is 
accounted for not only by hydrogen ions, but by the concentration of protonated organic 
species present (Neta and others 2007b). Additionally, it was found that sour taste 
perception was unaffected by the structure of the organic acid molecules used (Neta and 
others 2007b). Lowering the pH may also affect the perception of tastes other than sour 
by influencing other taste transduction mechanisms (Neta and others 2007a).  
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Effect of Lipids and Lipid Composition on Taste Perception 
 Although, traditionally it was believed that fat was essentially detectable by its 
texture (through a trigeminal nerve response only), it has been shown that free fatty acids 
are detected by multiple sensory systems, namely: orthonasal olfactory, retronasal 
olfactory, nasal irritancy, oral irritancy, and gustatory (Chalé-Rush and others 2007a). It 
is also currently understood that free fatty acids can directly affect the activity of taste 
receptor cells containing potassium channels. Such channels are also found in the heart 
and have been found to be sensitive to only cis-polyunsaturated fatty acids (Gilbertson 
and others 1997, 2005; Laugerette and others 2007). Knowing that more than one of the 
tastants producing the basic tastes is ionic in nature with such taste receptor cells as just 
described, raises the question of how increasing concentrations of polyunsaturated fatty 
acids may affect the taste thresholds and intensities of these tastes relative to others. 
Alternatively, it has been hypothesized that any effect fat has on taste perception 
is due to a combination of 2 mechanisms: Fat may act as a barrier between taste 
compounds and taste receptors, and fat may intensify the perception of taste by increasing 
the concentration of tastant in the aqueous phase (Metcalf and Vickers 2002). (This 
increase in tastant concentration being relative to the concentration produced in a purely 
aqueous solution having the same weight and containing the same amount of hydrophilic 
tastant as such an emulsion.) 
Numerous model and food systems have been employed in research aiming to 
elucidate the effects of lipid food components on the intensities of various tastes—basics 
and non-basics, such as the bitter compound anethole, alike. However, none of these 
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experiments have systematically approached the effects of dietary fat composition on the 
perception of the basic tastes in a typical, model emulsion-type system. Brief descriptions 
of some of these experiments follow: Baryłko-Pikielna and others (1994) investigated the 
perceived taste intensities (sweet, sour, and salty) and viscosities of 50% oil-in-water and 
water-in-oil emulsions using sunflower oil. They observed no significant effect of 
emulsion type on taste intensity perception. While emulsion type affected perceived 
viscosity differently for each tastant: no effect on sucrose-containing emulsions, 
increased viscosity with increasing concentration of NaCl, and decreasing viscosity with 
increasing concentrations of citric acid. Metcalf and Vickers (2002) investigated the 
effects of 2 different amounts of fat on the intensity of all 5 basic tastes in emulsions 
relative to aqueous solutions with the same aqueous taste compound concentration, and 
the relation of perceived taste intensity to perceived sample thickness. It was shown by 
Mackey (1958) that sweet and bitter substances were harder to perceive when dissolved 
in peanut oil than in water. The sensory evaluation of tuna oil emulsified with 80% 
ethanol (tuna) muscle extracts revealed that the addition of the oil decreased the 
perception of bitter and sour tastes and increased the perception of sweetness in the 
extracts (Koriyama and others 2000a). This same group of researchers also performed a 
similar experiment using tuna, soybean oil and lard to assess the effect of each of the 
different oils on the taste of tuna extract (Koriyama and others 2000b). The addition of 
linoleic acid was found to significantly raise taste thresholds for sodium chloride, citric 
acid, and caffeine solutions, but these results were inconsistent with corresponding 
intensity ratings which were "lower or unchanged" for sweet, sour, and salty tastes 
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(Mattes 2007). Tuna, soybean oil, and high oleic corn oil were all found to extend 
perception retention and suppress sour and bitter tastes in oil-in-water emulsions prepared 
with the basic tastes (Koriyama and others 2002). 
In summary, though much research has been performed in this area, and continues 
still, much more will be required to truly understand the diverse roles that lipids may play 




 It is now understood that there are 5 basic tastes perceived by the human tongue, 
namely: sweet, sour, salty, bitter, and umami, or glutamic taste. Each of these taste 
perceptions may not be reproduced by any combination of other taste perceptions, though 
most of these tastes can be produced by various compounds (Vinas and others 1998). 
 The knowledge that certain lipids, such as cis-polyunsaturated fatty acids, can 
also be detected by receptor cells in the mouth is becoming widespread among members 
of the scientific community, and has been the subject of much research in recent years 
(Herness and Gilbertson 1999). In spite of all of the research that has been performed, our 
understanding of how lipids are detected, and the effects of their detection on various 
physiological factors and sensory phenomena is still relatively poorly understood. 
Questions such as how increasing concentrations of cis-polyunsaturated fatty acids may 
affect taste thresholds and intensities, and whether these effects are strongly dependent 
upon the type of fatty acid or tastant involved remain unanswered.  
 Additionally, relatively little research has been devoted to showing whether there 
is a shift in tastant threshold that contributes to differences observed in the perception of 
the same concentration of tastant in an emulsion system versus an aqueous one.  
 The main objective of this research is to take a systematic look at how lipid 
composition affects the recognition thresholds, as well as intensity perceptions, of the 5 
basic tastes (i.e., sour, umami, bitter, salty, and sweet) as produced by citric acid, MSG, 
QHCl, NaCl, and sucrose, respectively in oil-in-water emulsions relative to those 
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determined in an aqueous system. In fact, emulsions are a very good choice for a model 
system in which there are aqueous and lipid components involved, as emulsification can 
produce a more homogeneous mixture of the 2 (Kokini and Van Aken 2006). 
Additionally, an emulsion is an appropriate model system for an investigation such as this 
because many applications where an understanding of the way lipid composition affects 
the perception of the basic tastes would be valuable already involve emulsions. Examples 
include: milk, sauces, soups, and salad dressings. 
 Understanding the interaction between taste perception and lipid composition, it 
may become possible to formulate foods, not only to be healthier, but tastier at the same 
time. For example, in the future a company may be able to formulate heart-healthy salad 
dressings, high in polyunsaturated fatty acids that will also reduce the perception of the 
bitter compounds found in leafy green vegetables simply by knowing which 
polyunsaturated fatty acids would affect the thresholds of those bitter compounds, and 
how. Perhaps, treats can someday be formulated to have a lipid composition that will 
allow for the addition of less sugar without decreasing the product's sweet taste. 
Such a capacity—to be able to formulate foods to be healthful and tasty using the same 
strategy—would be deeply valued not only by the food industry, but by consumers. 
Hypothesis 
Recognition threshold concentrations for citric acid, MSG, QHCl, NaCl, and 
sucrose will be affected (i.e., increased or decreased) by polyunsaturated fatty acid 
content in emulsion samples. Taste intensity ratings for all 5 basic tastes will be altered 
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by polyunsaturated fatty acid content in a manner similar to that of the recognition 
threshold concentration levels. 
 
Objective 1 
Formulate stable emulsions for use in taste experiments by initial 
physicochemical characterization of the emulsions. 
Objective 2 
Determine human taste recognition thresholds for the 5 basic tastes in aqueous 
solutions, and in emulsions having 3 different levels of polyunsaturated fatty acids. 
Assess differences in the perception of taste intensities for the 5 basic tastes in aqueous 
solutions, and in emulsions having 3 different levels of polyunsaturated fatty acids, 




MATERIALS AND METHODS 
Lipid Phase Composition 
 
 The composition of the 3 different lipid phase compositions to be used in the 
model emulsions were: anhydrous milk fat (AMF) (KRAFT Foods, Chicago, Ill.), 
soybean oil (SBO) (Bunge Corporation, St. Louis, Mo.), or a blend comprised of a 1:1 
ratio (by weight) of milk fat and soybean oil. Each of these oil samples were analyzed as 
methyl esters according to the method of O’Fallon and others (2007) modified for small 
volumes. 
In short, 20 μL of sample was transferred to a 1.5-ml amber glass vial along with 
530 μL Methanol, and 70 μL 10 N KOH was added. Samples were vortexed for 30 s, and 
incubated in a shaking water bath at 55 ºC for 1.5 h. After incubation, samples were 
cooled and 58 μl of 24 N H2S04 was added, and samples were incubated for 1.5 h in 
shaking water bath. Fatty acid methyl esters were extracted into hexane (300 μl) and an 
aliquot was transferred into a gas chromatography vial. 
Fatty acid methyl esters were analyzed by gas chromatography with flame 
ionization detection (Model QP2010, Shimadzu Co., Columbia, Md.). Samples 
containing methyl esters in hexane (1 µl) were injected onto an HP-88 fused silica 100 m 
x 0.25 mm column, 0.20 μm film (Agilent Technologies, Palo Alto, Calif.). The injection 
port was maintained at 250 ºC in the split mode, and the sample was split at a 100:1 ratio 
with a 3.0 ml/min purge flow. Hydrogen was used as the carrier gas at a linear velocity of 
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41.1 cm/s. The temperature program was as follows: initial temperature 35 °C and hold 
for 2 min, ramp at 40 °C/min to 175 ºC and hold for 4 min, ramp at 3.5 ºC/min to 240 ºC 
and hold for 25 min. The detector was operated at 250 ºC and makeup gas was nitrogen 
30 ml/min. Air and hydrogen flow to the detector was 450 ml/min and 40 ml/min, 
respectively. Total run time was 53.07 min/sample. Peaks were identified according to 
retention time similarity to several standard FAME mixes (Nu-Chek Prep, Inc., Elysian, 
Minn.). Raw peak areas were converted to concentration using response factors generated 
with standard FAME mixtures. 
Physicochemical Characterization 
Emulsion formulation 
Oil-in-water emulsions were formulated to be 20% oil and 80% water (g/g). As 
previously mentioned, the oil phase had one of 3 different lipid compositions: AMF, 
SBO, or a blend comprised of a 1:1 ratio (by weight) of AMF and SBO. The fatty acid 
chemical composition of each blend is shown in Table 1. The aqueous phase was 
formulated to contain whey protein isolate (WPI) (Vitalus Nutrition, Inc., Abbotsford, 
British Columbia, Canada) as an emulsifier. The preparation of this 2% (by weight) WPI 
solution was as follows: The WPI was dissolved in distilled water with sodium phosphate 
dibasic, 7-hydrate, crystal (J.T. Baker, Phillipsburg, N.J.) (0.268g Na2HPO4-
7H2O/100mL WPI solution, which is ~0.01M Na2HPO4-7H2O giving a pH of 7.28) and 
stirred at room temperature (22 °C) for about 5 to 15 min to allow complete dispersion of 
the protein. The solution was filtered through Whatman 1 filter paper, and promptly 
refrigerated until use. The solution was stored no longer than10 d and was discarded 
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Table 1 - Fatty acid chemical composition of lipid phase blends used in emulsions. 
Mean percent (g/g) of composition ± standard error.a 
Fatty Acid   AMFb   50-50c    SBOd 
4:0   3.7 ± 0.6   0.2 ± 0.0    0 ± 0 
6:0   2.0 ± 0.3   0.2 ± 0.0    0 ± 0 
8:0   1.2 ± 0.1   0.3 ± 0.0    0 ± 0 
10:0   2.8 ± 0.2   0.9 ± 0.0    0 ± 0 
12:0   3.1 ± 0.2   1.3 ± 0.0    0 ± 0 
14:0 11.3 ± 0.3   4.9 ± 0.2 0.1 ± 0 
16:0 33.2 ± 0.2 20.8 ± 0.7  11.2 ± 0.2 
18:0 15.8 ± 0.5 10.2 ± 0.3    4.7 ± 0.1 
18:1 24.6 ± 1.0 23.8 ± 0.8  22.6 ± 0.4 
18:2   2.4 ± 0.2 30.5 ± 1.0  53.3 ± 0.9 
18:3   0.1 ± 0.1   3.7 ± 0.1    6.4 ± 0.1 
Totale    100      100 100 
   a Based on gas chromatography performed by Dr. Robert Ward and Jesse Campbell. 
  b Anhydrous milk fat 
  c 50% anhydrous milk fat, 50% soybean oil (g/g) 
  d Soybean oil 
  e Column values may not sum to totals due to rounding and experimental error. 
 
 
in the event that the WPI began to precipitate out of solution or the solution began to 
develop an off-odor during storage. Prior to homogenization, both the aqueous and oil 
phases were heated separately in a preset oven for 60 min to approximately 60 °C. For all 
non-control samples, a tastant was added to the aqueous phase anywhere from 5 to 15 
min before homogenization. Stirring and/or further heating of the solution was performed 
until the tastant was dissolved. Once the tastant (if there was one) was dissolved in the 
aqueous phase, the oil phase was added to the aqueous phase for a total of 50 g in a 100 
mL beaker (10 g oil + 40 g WPI solution). The tastants used to produce the 5 basic 
tastes—sweet, sour, salty, bitter, and umami, respectively—in the emulsions were 
sucrose (Good Day Brand, Boise, Idaho), granular citric acid (J.T. Baker, Phillipsburg, 
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N.J.), iodized sodium chloride (NaCl) (Albertson’s Brand, Boise, Idaho), anhydrous 
quinine hydrochloride (QHCl) (TCI America, Tokyo, Japan), and monosodium glutamate 
(MSG) (Aji-no-moto, Chicago, Ill.) in concentrations of 0.5000, 0.0500, 0.2500, 0.010, 
and 0.2000% of emulsion weight, respectively. These concentrations were chosen 
because they were to be the maximum concentrations to be used for succeeding 
recognition threshold experiments. 
Homogenization 
Emulsions were manufactured using the following homogenization conditions: 
An initial high-shear homogenization process using an Ultra Turrax (IKA Works, Inc., 
Wilmington, N.C.) at 18,000 rpm for 1 min followed by a high-pressure homogenization 
step using a Microfluidizer Processor Model M-110S (Microfluidics Corp., Newton, 
Mass.), for one pass through the system at 9,400 ± 230 psi. The Microfluidizer coil was 
kept at 60 °C using a water bath in order to avoid lipid crystallization during 
homogenization.  
Emulsion stability 
 The stability of each of the emulsions developed for these experiments (each 
formulated to contain the maximum concentration of one of the 5 tastants or no tastant) 
was determined quantitatively using TurbiScan MA 2000 (TurbiScan, Sandyhook, 
Conn.), a vertical scan macroscopic analyzer. This was done in order to see if stability 
was altered by the addition of tastant to the emulsion system or affected by lipid 
composition, and to see how long the emulsion model systems remained stable. 
33 
 
Three to 6 ml of each of the emulsions was carefully pipetted into cylindrical, 
flat-bottomed, glass measurement tubes. Pipettes were used in order that the sides of the 
tubes remained relatively uncontaminated with emulsion, and that the samples would 
each have a flat meniscus. These tubes of emulsion were cooled and stored at room 
temperature (22 °C). The stability of each sample was measured beginning at about 5 min 
after manufacture up to 6 d, in replicate. Measurements were made every 15 min for the 
first 3 h, and then once a day for the remainder of the week (6 d in all). Consistency in the 
location of the readings is assured over the time a sample is measured because the lid to 
the tube is notched and fits like a puzzle piece into the top of the measurement cell, thus 
ensuring that all scans are repeated at the original location. 
Stability measurements are performed on a tube of sample by scanning the length 
of the sample with a near-infrared light source and two synchronous detectors. The 
backscattering detector receives the light backscattered by the product at an angle of 45° 
from the incident radiation. Backscattering data is acquired by the detector every 40 µm 
along a maximum distance of 80 mm. The profile obtained characterizes the sample 
homogeneity, particle concentration, and mean diameter. This profile is visually 
represented by the TurbiScan software in a chart depicting curves showing the percentage 
of backscattered light as a function of the sample height (in millimeters), with each curve 
on the chart corresponding to a single sample measurement, or time point.  An example 
of such a curve is shown in Figure 1a. The degree of variation in these curves from a 
chosen reference curve, the initial measurement curve in this case, (which is set to “zero” 
in Figure 1b) reveals the destabilization kinetics of the sample being measured. 
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Figure 1 - Example light backscattering measurement curves (as obtained via 
TurbiScan software) dipicting 7 d (~144 h) emulsion destabilization as a function of 
backscattered light along sample tube height. a) Raw measurement curves. b) Initial 
measurement curve set to zero. All other curves adjusted to reflect changes in 
backscattering measurements over time relative to the initial backscattering 
measurement performed on the sample.  
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Curves observed deviating upward from the reference depict sedimentation if 
present near the base of the sample, as sedimentation would be expected to increase light 
backscattering due to an increase in the opacity, while curves deviating downward depict 
clarification (Figure 1b) which decreases backscattering measurements relative to the 
reference profile. The TurbiScan analysis software calculates the change in emulsion 
stability over a region of the sample (i.e., the base) using the width of the peak (produced 
by measurements which deviated from the reference) at half peak height. The values thus 
obtained for each time point in a region of destabilization are then plotted against the 
values obtained for other samples, and the stability of the various samples compared 
quantitatively. 
Emulsion cooling profile 
The amount of time that it took an emulsion to cool to room temperature (~22 °C) 
was determined in replicate by measuring emulsion temperature every 10 to 15 min until 
it reached room temperature. This was done, in part, to ensure that any early fluctuations 
that may have been observed in the TurbiScan stability measurements were not caused by 
the cooling of the sample. Additionally, knowing how much time it took for the samples 
to cool to room temperature was important in order that taste experiments could be 
conducted with room temperature samples. 
Emulsion droplet size, viscosity, and pH 
Emulsion droplet size distributions (D3,2, the diameter of a sphere with the same 
volume-to-surface area ratio as the droplet being measured) were determined in replicate 
by particle characterization equipment (LS20 Version 3.19, Beckman-Coulter Inc., 
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Miami, Fla.) immediately, as well as 6 d, after emulsion manufacture. The initial, and 6 d, 
viscosities of each of the 18 emulsions were determined in replicate using a Brookfield 
Viscometer Model DV-II + (Brookfield Engineering Laboratories, Inc., Stoughton, 
Mass.) with the Ultra-Low Intensity Attachment at a spindle rotation speed of 100 rpm. 
The initial pH of each of the emulsions was determined in replicate using a Corning pH 
meter 443i (Corning Inc., Corning, N.Y.). 
Effects of Varying Fatty Acid Composition on 
Taste Recognition Thresholds 
Emulsion formulation, processing, storage and safety 
 To evaluate taste recognition thresholds in the 3 emulsion model systems, several 
tastant concentrations were required. These concentrations ranged from maximum 
concentrations of 0.5000% sucrose, 0.0500% citric acid, 0.2500% NaCl, 0.010% QHCl, 
or 0.2000% MSG (g/g) of the final emulsion weight—known suprathreshold 
concentrations in other similar systems—and minimum concentrations of 0.00781, 
0.000781, 0.00391, 0.00016, or 0.00313%, respectively (Table 2). Emulsions containing 
maximum tastant concentrations (and controls) were formulated and manufactured 
exactly as previously described for emulsion physicochemical characterization. The 6 
half-dilutions of each of the maximum tastant concentrations were prepared similarly, but  
instead the tastant-containing aqueous phase was prepared by dilution of freshly-made 
tastant-containing WPI stock solutions with regular WPI solution such that the tastant 




Table 2 - Tastant concentration series'/levels for taste experiments. Concentration 
levels given in percent tastant (g/g). 
  
 
The emulsions were stored in closed containers at room temperature (22 °C) for 
no more than 10 h before being presented to panelists for evaluation. The safety of such 
storage was first confirmed by total aerobic plate counts performed in replicate for each 
sample. After 10 h of storage at room temperature (22 °C) in capped bottles, 1 ml of each 
sample was plated on aerobic plate count PetrifilmTM (3M, St. Paul, Minn.) using a 
pipette. The PetrifilmTM were then placed in an incubator for 48 h, in stacks no more than 
10-high, at an incubation temperature of 32 °C. Counts were performed immediately 
upon removal from incubator, or were stored under freezer conditions (for no more than a 
day) until counts could be performed.  
Aqueous solution formulation and storage 
To evaluate taste recognition thresholds in an aqueous system, solutions were 
formulated to contain the same concentrations of each tastant as used in the respective 
emulsions. Aqueous thresholds were determined for comparison with emulsion systems 
thresholds. Maximum concentrations of 0.5000% sucrose, 0.0500% citric acid, 0.2500% 
NaCl, 0.010% QHCl, and 0.2000% MSG (g/g) were added to distilled water, stirred 
and/or heated until dissolved, covered, and afterwards stored under refrigeration 
Tastant 1/64 Max 1/32 Max 1/16 Max 1/8 Max 1/4 Max 1/2 Max Maximum
Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7
Citric Acid 0.000781 0.00156 0.00313 0.00625 0.0125 0.0250 0.0500
MSG 0.00313 0.00625 0.0125 0.0250 0.0500 0.1000 0.2000
QHCl 0.00016 0.00031 0.00063 0.00125 0.250 0.00500 0.010
NaCl 0.00391 0.00781 0.0156 0.0313 0.0613 0.1250 0.2500
Sucrose 0.00781 0.0156 0.03125 0.0625 0.125 0.2500 0.5000
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conditions until use, as necessary. Six half-dilutions of each of these concentrations were 
prepared (using the freshly-made maximum concentration solution as a stock solution) 
and stored similarly. The solutions were allowed to reach room temperature (~22 °C) 
before being presented to panelists for evaluation. 
Taste panel recruitment 
Institutional Review Board approval was obtained prior to performing any 
recruiting, testing, or training. Recruited panelists, 11 in all, all had a similar sensory 
background (i.e., Panelists were all experienced tasters and familiar with general sensory 
testing/training procedures such as not eating for 30-60 min prior to testing, rinsing 
mouth with water between samples, and expectorating all samples after tasting, etc.). As 
the panel was trained, but had never performed taste threshold tests previously, 2 
“practice” threshold tests were conducted in advance of the actual study. Both genders 
were well represented by the panel as a whole. There were 5 male and 6 female panelists 
for the taste threshold experiments and one less female panelist for taste intensity 
experiments. Panelist ages ranged from 21 to 61 years with an average age ± standard 
deviation of 33 ± 12 years. Panelists were compensated for participation in hourly pay.  
Test preparation and design 
All dilutions of each sample were presented to each member of the taste panel in 
labeled (with blinding codes) 3/4-oz clear portion cups containing 5 ml of room-
temperature (22 °C) sample each. Panelists evaluated samples in individual booths and 
were encouraged to take their time. Panelists were given as much tap water for rinsing 
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their pallet between samples as desired. Panelist responses were collected using SIMS 
2000 computer software (Sensory Computer Systems, Morristown, N.J.). 
For a single threshold test, each panelist was given 7 ordered sets of 3 randomly 
ordered samples each. Each set of 3 consisted of 2 cups containing control (distilled 
water for aqueous tests or the appropriate “tastant-free” emulsion for each of the others) 
and a single cup containing one of each of the 7 tastant concentrations being tested. The 
within-set order of the samples was randomized, and panelists conducted the evaluation 
of each set in a triangle test-like fashion where they were asked to determined the sample 
that was, for example, sweeter than the other 2 in the set. Tastant-containing samples 
increased in concentration with each successive set of 3 for all 7 sets. The order of 
presentation within each set was randomized, and as balanced as permitted by the 
experimental design, for each experiment over the panel as well as over the sets presented 
to each individual panelist. 
Recognition threshold determination 
and corresponding measurements 
 
The recognition thresholds of the panelists were assessed following the guidelines 
of ASTM method E679-04: “Standard Practice for Determination of Odor and Taste 
Thresholds By a Forced-Choice Ascending Concentration Series Method of Limits” 
(ASTM Committee E18 2004) to determine and calculate the best estimate threshold 
(BET) for each panelist and then for the group. Panelists were asked to perform 
corresponding aqueous and emulsion threshold tests in a single session, with a 20 min 
break in between tests. Replicates were performed in consecutive sessions (at least one 
day apart), sampling the same aqueous and emulsion sets in the order opposite that of the 
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previous session (i.e., first replicate). The sample type (aqueous or emulsion) presented 
first in the sessions was otherwise balanced and randomized over the whole study. 
Additionally, the viscosity of all aqueous and emulsion samples was determined for each 
of the samples at the time of tasting by the panelists. 
Taste Intensities in Emulsions versus Aqueous Solutions 
Sample formulation, processing, and storage 
 
Tastant concentrations selected for use in taste intensity evaluation experiments 
were based upon the results of the threshold experiments conducted. The tastant 
concentration (from the series used in the taste threshold tests) immediately higher than 
the respective emulsion’s group BET was evaluated for taste intensity in conjunction with 
the appropriate control. Otherwise, emulsion formulation, manufacture, and storage 
remained unchanged from that described earlier. Taste intensity ratings were evaluated 
similarly in an aqueous system to facilitate comparison. Solutions were formulated to 
contain the same concentration of each tastant as used in the emulsions and were 
evaluated by panelists for respective tastes in conjunction with a control. 
Taste panel recruitment and 
test preparation/design 
 
The same group of panelists was used to perform intensity evaluations, other than 
one panelist chose to drop out of the study after the threshold experiments had been 
completed, leaving just 10 panelists for intensity evaluation experiments. 
Each emulsion sample pair (tastant-containing and respective control) was 
evaluated in a set along with 3 other emulsion pairs for the intensity of their respective 
41 
 
tastes. Emulsions were randomly assigned to a set, and there were 4 different sets tested 
in replicate over the course of the study. The order of presentation to panelists was 
randomized over all 8 samples in a given set. Each time the panelists saw a particular 
emulsion set, the order of sample presentation was different. Aqueous sample sets 
corresponded to emulsion sample sets, and had a different, randomized order of 
presentation each time they were presented. Red lighting was used in the evaluation 
booths during testing to mask slight differences in emulsion color between the different 
types being evaluated at once.  
Unless just stated otherwise, the same procedures described for the recognition 
threshold experiments were also used in this case.  
Intensity determination and 
corresponding measurements 
 
For each sample, including controls, the intensity of a specified taste was 
evaluated by panelists using a 15-point numerical scaling system, with categories from 0 
to 15, in increments of one half. During a single session, panelists were asked to evaluate 
corresponding aqueous and emulsion sample sets with a 5 min break in between, given a 
ten min break, and then (unbeknownst to the panelists) asked to duplicate the initial 
evaluation. The following session (held at least one day later), they participated in a 
similar session, with the only difference in test administration being the order in which 
aqueous and emulsion sample sets were presented. The sample type (aqueous or 
emulsion) presented first in the sessions was otherwise balanced and randomized over the 
whole study (8 sessions). Additionally, the viscosity of all aqueous and emulsion samples 




All statistical analyses were performed using the SAS 9.1.3. statistical software 
package (SAS Institute, Inc., Cary, N.C.). For all analyses, the proc glm procedure was 
used to conduct an ANOVA. Some analyses were further investigated using one or more 
of the following procedures within proc glm: Means, REGWQ, LSMeans and Tukey’s 






All 18 emulsion model systems, containing the maximum concentration of a 
respective tastant to be used in successive taste experiments, or containing no tastant, and 
having one of 3 lipid phase compositions, were found to undergo clarification at the base 
of the emulsion sample measured. The emulsions underwent little clarification during the 
first 3 hours after manufacture (Figures 2, 3, and 4). Some samples containing sucrose 
(i.e., 50-50- and SBO-containing) were significantly less stable in comparison to the 
other samples (p = 0.005) (Appendix, Tables 11 - 13). 
 
         
Figure 2 - Mean (± SEM) height of base clarification in anhydrous milk fat-
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Figure 3 - Mean (± SEM) height of base clarification in 50% anhydrous milk fat-




Figure 4 - Mean (± SEM) height of base clarification in soybean oil-containing 



















SBO QHCl SBO Control
SBO NaCl SBO Citric Acid








As can be seen from now referring to Figure 5, which illustrates the cooling 
profile of the emulsion samples at room temperature (22 °C), it is unlikely that the 
measurements were influenced by sample cooling during roughly the first 7 stability 
measurements. Additionally, Figures 2 through 5, in combination, illustrate that stable, 
room temperature (22 °C) emulsion samples could be presented to panelists for taste 
evaluation as early as one to 1.5 h post-manufacture. 
 Emulsion stability generally decreased over the course of the 6 d (~144 hours) 
following manufacture with the region of clarification at the bottom of measured samples 
remaining less than 2.5 mm for all samples measured (Figures 6, 7, and 8). (It is worth 
noting that some molds/yeasts were observed by experiments' end on some samples, and 
the growth of these spoilage microorganisms may have marginally influenced later 
stability measurements.) Three samples behaved somewhat differently than the general 
trend, and are worth a brief mention. With the most marked decrease in stability 
occurring during the first 3 d (72 h) for sucrose-SBO- and sucrose-50-50-containing 
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Figure 6 - Mean (± SEM) height of base clarification in anhydrous milk fat-
containing emulsion samples during 6 h storage. 
 
 
emulsions, a slight decrease and a relatively dramatic decrease, respectively, in the height 
of the region of clarification was observed over subsequent days (Figures 7 and 8). The 
fluctuation in the height of the region of clarification in the sucrose-containing samples is 
evidence of their instability. ANOVA resulted in a significant interaction between tastant-
fat-time effects (p = 0.003). LSMeans post-hoc analysis using Tukey’s method then 
showed that the height of the base clarification zone in 50-50-sucrose-containing 
emulsion at 48 and 72 h post-manufacture was significantly greater than for citric- and 
QHCl-containing emulsions at 48 h and citric-containing emulsion at 72 h (Appendix, 
Tables 14 and 15). 
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Figure 7 - Mean (± SEM) height of base clarification in 50% anhydrous milk fat-




Figure 8 - Mean (± SEM) height of base clarification in soybean oil-containing 
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5 h post-manufacture, and never any later than 10 h post-manufacture. Though emulsion 
stability was not measured precisely at the times of tasting, using Figures 6-8 it can be 
estimated that even the least stable sample (50-50-sucrose-containing emulsion in Figure 
7) would not have been expected to have clarified to even 0.5 mm. 
Droplet Size 
 The droplet sizes determined for the emulsions in this experiment are found in 
Tables 3 and 4. Droplet size was relatively consistent between samples (all roughly 0.4 - 
0.5 μm). Though significant differences in droplet size did exist between samples 
containing the same tastant for the effect of day with a p = 0.014 (Table 3), the effect of 




 Further emulsion characterization was carried out initially after manufacture and 
at 6 d in terms of viscosity measurements as viscosity is a factor known to influence taste 
perception and may be affected significantly by other sample characteristics such as 
temperature, pH, and destabilization kinetics. Viscosity measurements were analyzed 
over all samples with replicate, day, tastant, and fat composition as effects in the 
statistical model (Table 5), and separately using an ANOVA for each tastant (without 
tastant being included in the effects of in the statistical model) (Appendix, Tables 22 - 
27).  
The analysis over all samples revealed that there was a significant interaction 
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Table 3 - Significant differences in mean droplet size (D3,2) between anhydrous milk 




Table 4 - Significant differences in mean droplet size (D3,2) between anhydrous milk 
fat-, 50% anhydrous milk fat-50% soybean oil-, and soybean oil-containing samples 
by fat composition. 
 
Table 5 - Significant differences in mean viscosity measurements of anhydrous milk 
fat-, 50% anhydrous milk fat-50% soybean oil-, and soybean oil-containing 




Control 0.414 a 0.451 b 0.402 a 0.446 b 0.422 a 0.474 b
Citric 0.417 a 0.546 b 0.415 a 0.535 b 0.424 a 0.506 b
MSG 0.407 a 0.354 a 0.407 a 0.446 a 0.349 a 0.445 a
QHCl 0.409 a 0.412 a 0.416 a 0.455 a 0.423 a 0.468 a
NaCl 0.314 a 0.315 a 0.422 a 0.455 a 0.419 a 0.487 a
Sucrose 0.390 a 0.468 b 0.415 a 0.547 b 0.421 a 0.575 b
a,b Means within rows with same letter superscript were not significantly different. (α = 0.05)
AMF 50-50 SBO
Initial (µm) Day 6 (µm) Initial (µm) Day 6 (µm) Initial (µm) Day 6 (µm)
Tastant
Control 0.432 ab 0.424 ab 0.448 ab
Citric 0.482 a 0.475 a 0.465 ab
MSG 0.381 ab 0.426 ab 0.397 ab
QHCl 0.411 ab 0.435 ab 0.445 ab
NaCl 0.314 b 0.439 ab 0.453 ab
Sucrose 0.429 ab 0.481 a 0.498 a
AMF (μm) 50-50 (μm) SBO (μm)
a,b Means with same letter are not significantly different. (α = 0.05)
Tastant
Control 1.8 a 2.2 a 1.8 a 2.2 a 1.9 a 2.2 a
Citric 1.9 a 2.2 a 1.8 a 2.3 a 1.9 a 2.2 a
MSG 1.8 a 2.2 a 1.9 a 2.3 a 1.9 a 2.3 a
QHCl 1.8 a 2.3 a 1.7 a 2.1 a 1.9 a 2.2 a
NaCl 2.0 a 2.4 a 1.8 a 2.3 a 1.9 a 2.6 a
Sucrose 2.0 a 2.7 b 1.8 a 2.9 b 1.8 a 3.7 b
a,b Means with same letter superscript are not significantly different. (α = 0.05)
Initial (cP) Day 6 (cP)
AMF




between tastant-day effects attributable to a marked increase in viscosity for sucrose-
containing samples by 6 d (Appendix, Tables 28 - 30). For the analyses for each tastant: 
The effect of fat composition was found to be insignificant between samples containing 
the same tastant for all tastants excepting QHCl (p = 0.013). A LSMeans post-test was 
performed (with p-values adjusted using the Tukey method), and results indicated that 
viscosity was significantly lower for QHCl-containing emulsion with the 50-50 lipid 
phase than for samples containing AMF (p = 0.020) or SBO (p-value = 0.020). 
 
pH 
 As some differences were expected, pH measurements were replicated to allow 
for the performance of an ANOVA statistical analysis on the pH values of each of the 
emulsion types to see if any significant differences between samples existed. ANOVA 
revealed that samples were significantly different with a p of < 0.001 (Appendix, Tables 
31 and 32). However, from the results of the REGWQ Multiple Range Test performed 
(Table 6) it is clear that, though minor significance exists between all non-citric-  
 
Table 6 - Significant differences in mean pH of anhydrous milk fat-, 50% anhydrous 
milk fat-50% soybean oil-, and soybean oil-containing emulsions. 
 
Tastant
Control 7.10 b 7.13 ab 7.19 ab
Citric Acid 6.24 c 6.27 c 6.26 c
MSG 7.13 ab 7.16 ab 7.19 ab
QHCl 7.13 ab 7.15 ab 7.25 a
NaCl 7.06 b 7.10 b 7.17 ab
Sucrose 7.13 ab 7.17 ab 7.24 a
a,b,c Means with same letter were not significantly different. (α = 0.05)
    AMF  50-50  SBO
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containing samples with a mean pH range from 7.25 to 7.06; all citric-containing samples 
have significantly lower mean pH values than all other samples, but are not significantly 
different from each other. More importantly, these pH values are also all far away from 
the isoelectric point of WPI. 
Safety of Emulsion Storage 
 The total aerobic plate counts for most samples were less than < 25 cfu/ml. AMF-
containing samples all contained < 10 cfu/ml and SBO-containing samples all contained  
<  50 cfu/ml. Emulsion samples containing 50-50 generally contained < 20 cfu/ml, but 
one replicate of the 50-50-NaCl-containing sample had a count of 134 cfu/ml, this being 
the highest count obtained. All counts were well below the tens of thousands allowed in 
pasteurized milk, and samples were therefore deemed safe for taste experiments. 
Taste Recognition Threshold Determination and 
Corresponding Viscosities 
 Table 8 depicts the BET concentrations from the recognition threshold 
 
Table 7 - Total aerobic plate counts for anhydrous milk fat-, 50% anhydrous milk 
fat-50% soybean oil-, and soybean oil-containing emulsions after 10-h storage at 
room temperature (~22 °C). 
 
Tastant Rep 1 Rep 2 Average Rep 1 Rep 2 Average Rep 1 Rep 2 Average
Control 2 3 3 9 3 6 39 22 31
Citric Acid <1 <1 <1 <1 1 1 <1 7 4
MSG 1 5 3 7 14 11 23 2 13
QHCl 4 4 4 5 4 5 13 2 8
NaCl 3 4 4 16 134 75 44 5 25
Sucrose 3 7 5 18 13 16 30 18 24
AMF (cfu/ml) 50-50 (cfu/ml) SBO (cfu/ml)
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Table 8 – Taste recognition threshold concentrations for anhydrous milk fat-, 50% 
anhydrous milk fat-50% soybean oil-, and soybean oil-containing emulsion samples 
and respective aqueous samples for each tastant.* 
 
 
determination experiments (Appendix, Tables 33 - 42). All aqueous BETs were found to 
be significantly lower than BETs for all emulsion samples for citric acid and QHCl  
tastants (indicative of a significant influence of fat or the food matrix on threshold 
concentration level for these tastants), but this was not true for other tastants where 
thresholds were shown to have no significant differences between any samples. Though 
polyunsaturated fatty acid composition varies from comprising approximately 2.4 to 34.3 
to 59.7% of the overall fatty acid composition from AMF to 50-50 to SBO, respectively  
(Table 1), these results do not show an effect of fatty acid composition on recognition 
threshold concentrations for any of the tastants used.  
Viscosity 
Viscosities were found to be significantly different (Table 9 and Appendix, Tables 
43 - 52). Emulsion and aqueous sample types for all tastants, containing all 7 
concentrations of a tastant or none, generally only varied between 1.3 to 1.7 and 2.3 to 
2.8 cP, respectively. No significant differences were found between the levels of tastant 
Tastant
Citric 0.0359 a 0.00194 b 0.0365 a 0.00186 b 0.0314 a 0.00209 b
MSG 0.0273 a 0.0125 a 0.0186 a 0.0267 a 0.0262 a 0.0136 a
Quinine 0.0011 a 0.00020 b 0.0011 a 0.00024 b 0.0011 a 0.00029 b
NaCl 0.0202 a 0.0131 a 0.0150 a 0.0134 a 0.0220 a 0.0110 a
Sucrose 0.158 a 0.144 a 0.255 a 0.144 a 0.201 a 0.187 a
* Concentrations given in mean percent (g/g).
a,b Means within the same row with the same letter superscript are not significantly different. (α = 0.05)
† Aqueous thresholds corresponding to threshold tests performed on anhydrous milk fat-containing samples; 50% AMF, 50% 
SBO-containing samples; and soybean oil-containing samples, respectively.
AMF 50-50 SBO
Emulsion Aqueous † Emulsion Aqueous † Emulsion Aqueous †
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Table 9 - Mean viscosities for aqueous and anhydrous milk fat-, 50% anhydrous 




for any tastants (Appendix, Tables 43, 45, 47, 49, and 51).  Significant differences in 
sample viscosities were mainly between aqueous and emulsion samples; however, citric-
containing emulsions were all found to be significantly different and QHCl-50-50-
containing emulsion was significantly more viscous than the other QHCl-containing 
emulsions. 
Taste Intensity Determination Results 
Complication in interpreting  the results of the taste intensity experiments and in 
comparing them with those of the taste recognition threshold tests was created by a 
sizeable sub-group of panelists which rated certain samples (usually aqueous) much 
higher than other panelists. This resulted in a significant interaction between the judge 
and sample effects in the statistical model (p <0.001). This interaction renders the 
interpretation of either of the effects alone inaccurate because the assumptions upon 
which the statistics for each effect are based rely heavily upon the interaction effect being 
Tastant
Citric Acid 2.6 a 1.4 d 2.5 b 1.5 d 2.4 c 1.4 d
MSG 2.5 a 1.5 b 2.6 a 1.3 b 1.4 a 2.5 b
QHCl 2.4 b 1.3 d 2.6 a 1.4 c 2.4 b 1.4 cd
NaCl 2.6 a 1.5 b 2.5 a 1.5 b 2.4 a 1.4 b
Sucrose 2.5 a 1.3 c 2.4 a 1.4 b 2.5 a 1.4 b
* Corresponding aqueous threshold tests for AMF, 50-50, and SBO samples, respectively.
a,b,c,d Means within a row with same letter superscript are not significantly different. (α = 0.05)
† Level of tastant (not shown) was found to have no significant effect on viscosity.
AMF (cP) 50-50 (cP) SBO (cP)
Emulsion Aqueous * Emulsion Aqueous * Emulsion Aqueous *
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non-significant (i.e., equal to zero in the statistical models) (Appendix, Tables 53 - 63). 
Therefore, in order to facilitate comparison of intensity ratings on the basis of the sample 
effect for each tastant, the intensity ratings of the panel group as a whole were averaged 
for each of the four replicates of the experiment. The results corresponding to the analysis 
of average intensity ratings may be found in Table 10 (in comparison with determined 
BETs) and in the Appendix, Tables 64 - 73.  
For citric acid-containing samples, no effect of fatty acid composition was 
observed on the perception of sour taste intensity. Aqueous samples containing citric acid 
were all significantly sourer than any of the other samples. Taste intensities for emulsions 
with suprathreshold concentrations of tastant were rated roughly one value higher than 
respective controls, though this difference was not found to be significant. No correlation 
between threshold concentration level and intensity ratings was observed.  
MSG-containing emulsions showed significantly higher intensity ratings for all 
samples relative to respective controls.  In AMF- and SBO-containing emulsions, umami 
intensity was rated markedly higher in emulsions than aqueous samples while aqueous 
samples were farther above their determined threshold concentrations. 
Differences between the bitter intensity ratings of QHCl in emulsions formulated 
with 50-50 and those of all control samples, aqueous or emulsion, were found to be 
insignificant. While AMF- and SBO-containing emulsions were not significantly 
different from each other, they were rated significantly higher than the 50-50-containing 
emulsion. All aqueous samples were rated roughly 2 to 3 times higher in intensity than 
tastant-containing emulsion samples. 
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 NaCl-containing emulsion samples formulated with SBO were not rated 
significantly different from AMF- or 50-50-containing emulsions, while some significant 
differences did exist between the ratings of the emulsions (Table 10).  Similar to the 
MSG-containing emulsions, salty intensity was rated markedly higher in emulsions than 
aqueous samples, even while concentrations in aqueous samples were farther above their 
determined threshold concentrations. 
Just as the 50-50 emulsion contained twice the amount of added sucrose relative 
to AMF and SBO sucrose-containing emulsions, sweetness intensity in sucrose-
containing emulsion with 50-50 as the lipid phase was roughly 2 times as intense as 
sweetness intensity in both AMF- and SBO-containing emulsions. 
 
Table 10 - Significant differences in mean taste intensity ratings for emulsion and aqueous samples at tastant concentration 
levels immediately higher than previously calculated emulsion best estimate thresholds for anhydrous milk fat-, 50% 


























Sour Control … 2.3 bcde … 1.4 de … 2.2 bcde … 1.5 de … 1.7 cde … 1.2 e
Citric 1.4 x BET 3.2 bcde 25.8 x BET 10.3 a 1.4 x BET 2.7 bcd 26.9 x BET 10.3 a 1.6 x BET 3.1 bc 23.9 x BET 9.8 a
Umami Control … 2.0 bcd … 1.4 d … 2.7 bc … 1.1 d … 1.9 bcd … 1.6 cd
MSG 1.8 x BET 5.8 a 4.0 x BET 4.5 a 1.3 x BET 4.9 a 0.9 x BET 3.0 b 1.9 x BET 5.5 a 3.7 x BET 4.6 a
Bitter Control … 1.9 e … 1.6 e … 1.5 e … 1.5 e … 1.1 e … 1.4 e
QHCl 1.2 x BET 3.8 d 6.4 x BET 9.7 b 1.1 x BET 2.1 e 5.1 x BET 8.3 c 1.1 x BET 3.4 d 4.3 x BET 10.9 a
Salty Control … 2.3 cd … 1.2 e … 2.2 cd … 1.2 e … 2.3 cd … 1.1 e
NaCl 1.6 x BET 3.7 a 2.4 x BET 2.1 cd 1.1 x BET 2.7 bc 1.2 x BET 1.4 de 1.4 x BET 3.6 ab 2.9 x BET 3.4 ab
Sweet Control … 1.6 cd … 1.6 cd … 1.6 cd … 1.7 bcd … 1.6 cd … 1.1 d
Sucrose 1.6 x BET 2.4 bc 1.7 x BET 2.5 bc 2.0 x BET 4.9 a 3.5 x BET 4.1 a 1.2 x BET 2.9 b 1.3 x BET 2.3 bcd
† Best estimate threshold concentration
* Mean intensities ± standard errors of corresponding aqueous samples for anhydrous milk fat-, 50% anhydrous milk fat-50% soybean oil-, and soybean oil-containing 
emulsion samples, respectively.

































Using unstable emulsions should be avoided in sensory experiments as it can bias 
sample evaluation by taste panelists. In theory, if an emulsion containing a given 
concentration of a tastant is found to be sufficiently stable for sensory experiments and its 
respective control emulsion is also found to be sufficiently stable, it can be assumed that 
lower concentrations of tastant could also be used and produce a similarly stable 
emulsion model system.  
While sedimentation in the emulsion samples would have been attributable to an 
increasing number of dispersed phase particles sinking to the bottom of the sample, 
clarification at the base of the emulsion sample is caused when the fat particles in the 
emulsion cream, or rise from the bottom towards the top of the emulsion, causing a 
decrease in particle density at the base of the emulsion sample. The rate of creaming is 
predicted by Stoke’s equation which takes into account the force of gravity, phase 
density, and the viscosity of the continuous phase. These parameters may be affected by 
the occurrence of particle flocculation or coalescence—which alter particle 
characteristics. It has been said that an emulsion with a creaming rate of less than 1 mm/d 
is stable towards creaming (McClemments 2005). Even the least stable (i.e., 50-50-
sucrose –containing) emulsions tested in these experiments were found to have creamed 
at a rate of less than 2.5 mm in 6 d (or 0.4 mm/d) and were, therefore, found to be stable 
enough towards creaming to use for successive taste experiments according to this rule. 
58 
 
Even though some significant differences in emulsion stability were found—not only 
were these differences not observed between emulsions and their respective controls for 
any given time point—but, importantly, in practice these differences would not be 
expected to have bearing on the results of taste experiments using the emulsions. 
Droplet Size 
Droplet size has been found to influence taste perception in tastant-containing 
(i.e., flavored) emulsions with droplet sizes varying between 1 and 5.5 μm (Nakaya and 
others 2006). Conversely, it has been found not to influence taste perception in 
unflavored emulsions with droplet sizes ranging from 0.5 to 6 μm (Akhtar and others 
2005; Vingerhoeds and others 2008). Based on these findings, droplet size measurements 
ranging from roughly 0.4 to 0.5 μm would not be expected to affect taste perception 
differently. Once again, though significant differences in droplet size do exist, these 
differences would not be expected to bias the results of taste experiments conducted 
using these emulsions. 
 
Viscosity 
 Viscosity is another factor known to influence taste perception and may be 
affected significantly by other sample characteristics such as temperature, pH, and 
destabilization kinetics as well as by additives such as the tastants used. For example, the 
increase in 50-50-sucrose-containing sample viscosity by 6 d was probably caused by 
flocculation, which is known to increase emulsion viscosity. 
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Because sample temperature was controlled (samples were presented to panelists 
at 22 °C) and samples used for taste experiments were found to be stable, neither factor 
should have affected the viscosity of the samples. However, as pH was not controlled, the 
amount of tastant added was varied, and random errors during manufacture sometimes 
resulted in samples with uncharacteristic viscosities, it was necessary to monitor 
experimental sample viscosities. As significant differences in taste recognition threshold 
values and taste intensity ratings did not directly correlate with significant differences in 
sample viscosity measurements, it can be concluded that viscosity differences between 
samples likely had a limited impact on the results of the taste experiments performed. 
 
pH 
 As expected, emulsion samples containing an added organic acid, citric acid, as a 
tastant were significantly more acidic than other samples, but  importantly, they were not 
significantly different from each other. Additionally, because the emulsifier used in these 
experiments (WPI) is known to become “pasty” at pH values near its isoelectric point of 
pH 5 (Demetriades 1997a,b) it was necessary to confirm that pH values in citric acid-
containing emulsions were not such as would be expected to produce a perceivable 
difference, besides taste, between citric acid-containing samples and the respective 
controls used in successive taste experiments. Because results showed that sample pHs 
were far from WPI’s isoelectric point, samples could be used for taste experiments 




 Finally, before taste experiments could be conducted using the emulsion samples, 
it had to be confirmed that conducting such experiments with room-temperature (22 °C) 
sample during the work day of emulsion manufacture would not pose undue risk to 
panelists, as emulsions are not stable against microbial growth. The results of the total 
aerobic plate counts obtained were well below the tens of thousands cfu/ml allowable in 
pasteurized milk. 
Taste Recognition Threshold Determination 
 The significant differences between the BETs of samples of different fat 
compositions did not correlate well with the concentration of polyunsaturated fatty acids 
alone. This may be due to the presence of other flavors, such as the taste of AMF which 
is buttery, and slightly sweet, or to WPI which also has a characteristic odor and taste. 
Another possibility is that only certain individuals have phenotypes that predispose their 
taste thresholds to be significantly affected by the presence of polyunsaturated fatty acids. 
Other fatty acids receptors may be present that have a counteracting inhibitory, rather 
than enhancing, effect on taste perception. Fatty acid receptors may only be activated by 
certain tastants, certain cis-polyunsaturated fatty acids or combinations of them, or 
specific concentrations of either. 
Taste recognition thresholds for citric acid, MSG, QHCl, NaCl, and sucrose were 
not directly affected by the relative concentrations of polyunsaturated fatty acids present 
in oil-in-water emulsions formulated to contain 20% AMF, 50-50, or SBO as the lipid 
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phase. Relative to aqueous solutions, emulsions containing any of these fats had 
increased taste recognition threshold concentrations for citric acid and for QHCl. This 
was attributed to competition between citric acid and free fatty acids for taste receptors, 
and to increased solubility of QHCl in the lipids. Other differences may have been 
observed if the number of taste panelists used had been increased. 
 These findings are generally in good agreement with those of other researchers. 
Mattes (2007) determined threshold values in aqueous and 1% linoleic acid solutions. 
The aqueous solution and fatty acid dispersion recognition threshold values determined 
for sodium chloride were 0.003 and 0.0045 M, respectively (Table 8 and Appendix, 
Table 73), and sucrose thresholds were nearly equivalent for aqueous solution and fatty 
acid dispersion. These findings suggest that linoleic acid played an important role in 
determining the thresholds for sodium chloride and sucrose determined in this paper. The 
threshold for citric acid in their 1% linoleic acid dispersions was about 0.045 mM 
(slightly lower than that for the emulsions in this paper). However, the aqueous threshold 
for citric acid, 0.015 mM, was in poor agreement with the aqueous thresholds reported in 
this paper: being roughly 55 times lower than the aqueous thresholds reported in this 
paper. Keast and Roper (2007) determined the detection threshold of QHCl to be 0.0083 
mM in an aqueous solution. This concentration is close to the recognition threshold 
concentration reported in this paper for similar samples. Luscombe-Marsh and others 
(2008) found the recognition threshold of MSG to be 0.33% (g/g); however, this 
threshold was determined in a vegetable boullion soup broth. In spite of the use of a very 
different food matrix, this is still useful for comparison. Their study used 60 panelists, 
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new to taste evaluation, and therefore likely to have been very recently introduced to the 
concept of identifying umami taste. However, the study in this paper used trained 
panelists very familiar with umami taste, and the use of trained panelists would be 
expected to result in the determination of a relatively lower taste threshold concentration. 
While fat was not seen to significantly raise the umami taste threshold in this study, the 
finding that adding boullion to an aqueous sample raises the threshold so much is 
peculiar. 
Taste Intensity Determination 
It is possible that the effects of polyunsaturated fatty acids on taste perception can 
only be seen after a certain amount of time has elapsed from initial exposure to cis-
polyunsaturated fatty acids or only if exposure occurs for a certain length of time. This is 
suggested because in some initial ANOVA statistical procedures performed where only 
the intensities of samples containing a given tastant, in a given system (either aqueous or 
emulsion), tasted on a given day were analyzed together, a significant replicate effect was 
seen, and replicate 2 intensities were always rated significantly higher than replicate one 
intensities, in this case (data not shown). However, this may be an artifact of having the 
same judges perform intensity evaluations after previously performing so many 
ascending series concentration-type threshold tests on the same samples. 
The ability to draw conclusions about the effect of polyunsaturated fatty acid 
content on taste intensities was limited by the experimental design. This was because of 
the practice of using the tastant concentration (from taste threshold tests) immediately 
higher than a respective emulsion’s calculated group BET as the concentration for taste 
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intensity ratings. This meant that different levels of a given tastant were sometimes used 
for the intensity tests for the different fatty acid compositions, and therefore, rendered 
comparison of the effects of fatty acid composition on taste intensity perception only 
marginally addressable. All citric acid- and QHCl-containing samples contained the same 
concentration of tastant for all fatty acid compositions. However, NaCl-AMF- and NaCl-
SBO-containing samples contained the same concentration of tastant with NaCl-50-50 
containing half that concentration (i.e., one concentration level lower). The same was true 
of MSG-containing samples. Similarly, sucrose-containing samples with AMF and SBO 
lipid phases had the same concentration of tastant with the 50-50-containing emulsion 
having twice that tastant concentration (i.e., one concentration level higher). 
Some brief observations concerning the effect of polyunsaturated fatty acid 
content on taste intensity ratings follow: The sour taste intensity of citric acid was 
unaffected by polyunsaturated fatty acid content in the systems tested. Sucrose sweet 
taste intensity was not only unaffected by polyunsaturated fatty acid content, but not even 
by the presence of fat. There may be a suppressive effect of the 50-50 fatty acid chemical 
composition on the bitter taste intensity of QHCl in the emulsions (relative to emulsions 
containing AMF or SBO), but further investigation is required. 
Interestingly, the salty taste intensity of NaCl-containing emulsions at 
suprathreshold concentrations near threshold were generally rated to have a significantly 
more intense salty taste than aqueous samples which (though at the same concentration) 
were farther above their respective threshold concentration. AMF- and SBO-MSG-
containing sample intensities had similar behavior, though the differences between 
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ratings were insignificant. It is possible that salty taste intensity results were biased by 
neglecting to provide the panelists with distilled water for pallet cleansing. Further 
investigation, with more subjects, would be useful in this case. 
For suprathreshold concentrations near the emulsion taste recognition threshold, 
taste intensity ratings can be expected to increase similarly to ratings for aqueous samples 
of similar tastant concentrations for emulsions containing 50-50-MSG, 50-50-QHCl, 
SBO-QHCl, and AMF-sucrose. While the increase in citric acid concentration in aqueous 
samples was increased relative to the aqueous BET roughly 15 to 19 times more than the 
concentration was increased relative to the BETs of the emulsions, the increase in rated 
intensity of aqueous samples was only 3 to 4 times that of the emulsions. In other words, 
these results suggest that similar suprathreshold concentrations of citric acid may produce 
much stronger taste intensities in emulsion systems than in an aqueous one. This may be 
due in part to an increased relative concentration of citric acid in the aqueous phase of the 
emulsions relative to that of the corresponding aqueous sample. However, this disparity is 
not highly unusual when one considers that the threshold values for citric-containing 
emulsions were significantly greater (p < 0.001) than those for the corresponding aqueous 
solutions as well as the fact that intensity may not increase in a linear fashion. Though 
not as consistent or extreme as the trend observed for citric-containing samples, there 
were several other instances where emulsion systems apparently intensified the 
perception of the tastant contained therein relative to aqueous samples. 
Similar to the findings in this paper, once again, are the results of intensity 
experiments performed by Mattes (2007) on aqueous and 1% linoleic acid solutions. 
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Mattes’ results showed that the sour taste intensity of citric acid increased in the presence 
of linoleic acid relative to the aqueous solution. It was also shown that salty taste 
intensity decreased in the presence of linoleic acid, and that linoleic acid had no effect on 
the sweet taste intensity of sucrose. These results suggest that linoleic acid played an 
important role in determining the taste intensity perception of the emulsion systems 
discussed in this paper. Furthermore, Koriyama and others (2002) determined the taste 
intensities of sucrose, NaCl, MSG, quinine sulfate, and lactic acid in emulsions 
formulated to contain 10% (g/g) oil: tuna, soybean, or high-oleic corn oil. The results 
showed a large error for sucrose-containing emulsions and essentially no effect of SBO 
on sweet taste intensity with tuna oil having a moderate effect. SBO- and corn oil-
containing emulsions were found to slightly suppress salty taste. This is consistent with 
the findings of Mattes, but not with the findings of this paper. While tuna oil decreased 
umami taste intensity slightly, SBO decreased it significantly. Quinine sulfate was 
decreased in bitterness intensity by all emulsions, as was lactic acid decreased in sourness 
intensity, most significantly so by SBO. The findings of this paper did not show that SBO 
decreased umami, bitter, nor sour taste intensity. However, these results, though 
intensities, do lend some support to the findings of the threshold determinations reported 
in this paper: citric acid was observed to have a relatively high threshold in emulsions in 
comparison to aqueous thresholds, bitter thresholds were also elevated by emulsions, as 
were salty taste recognition thresholds.  
 Future research on the effect of fat composition on taste perception should 
systematically address the elucidation of the effects of specific cis-polyunsaturated fatty 
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acids, individually and in combination, on taste recognition threshold perception. It 
should also investigate much lower concentrations. Genetic factors that may determine 
how taste receptor cells (in a given individual) respond to the presence of polyunsaturated 
fatty acids should be considered. Perhaps, utilizing a greater number of panelists for taste 
experiments would provide clearer results. Finally, it should consider whether there is a 
gap between the time of exposure to polyunsaturated fatty acids in the oral cavity and 
when their effects on taste perception actually occur. 
 This research clearly elucidated effects of polyunsaturated fatty acid 
composition—as present in emulsions formulated with 20% AMF, 50-50, and SBO—on 
the taste recognition thresholds and taste intensities examined. Though previous research 
has shown that cis-polyunsaturated fatty acids can affect taste perception, using this 
systematic approach—with samples relevant to dietary consumption—no effect was 
observed. This may be because the effect of polyunsaturated fatty acids on taste 
perception can occur at very low concentrations, ~ 1 µM (Gilbertson and others 1997), 
and all samples used, many dietary fats, and some fat-containing foods already contain 
well above this concentration. This means that, while polyunsaturated fatty acids may 
begin to affect taste perception at very low concentrations, this effect is unchanged by 
increasing emulsion lipid phase concentrations within the range of 2.4 to 59.7% (g/g). 
This research has, therefore, provided valuable insight that can help guide the direction of 
future research in this area by characterizing tastant and fat composition effects on taste 






 Taste recognition thresholds for citric acid, MSG, QHCl, NaCl, and sucrose were 
not directly affected by the relative concentrations of polyunsaturated fatty acids present 
in oil-in-water emulsions formulated to contain 20% AMF, 50-50, or SBO as the lipid 
phase. Based on this research, the varied concentrations of cis-polyunsaturated fatty acids 
found in similar dietary fats would not be expected to affect the recognition threshold 
concentrations of citric acid, MSG, QHCl, NaCl, or sucrose differently. Relative to 
aqueous solutions, emulsions containing any of these fats had increased taste recognition 
threshold concentrations for citric acid and for QHCl due to the properties of these 
tastants. Equivalent increases above respective threshold concentrations of citric acid in 
the emulsion systems versus an aqueous system resulted in a more dramatic increase in 
sour intensity ratings, and this may be due to an inflated concentration of citric acid in the 
emulsion’s aqueous phase. Sucrose sweet taste intensity was not only unaffected by 
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Table 12 - LSMeans and LSMean numbers for significance of 3-h stability 
measurements in Table 13. 
Fat Tastant C LSMEAN 
LSMEAN 
Number 
50-50 Citric 0.00395803 1 
50-50 Control -0.01527885 2 
50-50 MSG -0.01142658 3 
50-50 NaCl -0.01142658 4 
50-50 QHCl -0.00988812 5 
50-50 Sucrose 0.09415385 6 
AMF Citric -0.01142658 7 
AMF Control 0.00077469 8 
AMF MSG -0.01142658 9 
AMF NaCl -0.01142658 10 
AMF QHCl -0.01142658 11 
AMF Sucrose 0.02712905 12 
SBO Citric -0.00604197 13 
SBO Control -0.02123977 14 
SBO MSG -0.01142658 15 
SBO NaCl 0.00483700 16 
SBO QHCl -0.01142658 17 
SBO Sucrose 0.04011188 18 
Source DF Mean Square F Value Pr > F 
Rep 4 0.02314744 4.50 0.0014 
Fat 2 0.02026838 3.94 0.0199 
Tastant 5 0.10997256 21.37 <.0001 
Fat*Tastant 10 0.01306349 2.54 0.0052 
Minutes 12 0.00407880 0.79 0.6583 
Fat*Minutes 24 0.00460454 0.89 0.6099 
Tastant*Minutes 60 0.00318630 0.62 0.9892 
Fat*Tastant*Minutes 120 0.00396698 0.77 0.9613 
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Table 14 - ANOVA table for 6-d light backscattering stability measurements. 
Source DF Mean Square F Value Pr > F 
Rep 4 0.2014614 1.87 0.1143 
Fat 2 1.6758065 15.59 <.0001 
Tastant 5 0.9186150 8.54 <.0001 
Fat*Tastant 10 0.4096494 3.81 <.0001 
Hours 6 25.8510962 240.45 <.0001 
Fat*Hours 12 0.1623497 1.51 0.1178 
Tastant*Hours 30 0.2804161 2.61 <.0001 




Table 15 - Excerpts of pertinent portions of LSMeans table for 6-d light 
backscattering stability measurements. 
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    Source  DF Mean Square F Value Pr > F 
 
    Rep  1    0.00000000 0.00    1.0000 
    Sample  2    0.00060558 1.43    0.3227 
    Day  1    0.00589633 13.93    0.0135 
    Sample*Day 2    0.00006008 0.14    0.8711 
    Source  DF Mean Square F Value Pr > F 
 
    Rep  2    0.00163504 0.43    0.6716 
    Sample  2    0.00062725 0.16    0.8530 
    Day  1    0.04137551 10.77    0.0168 
    Sample*Day 2    0.00063592 0.17    0.8512 
Source  DF Mean Square F Value Pr > F 
Rep  2 0.01017869 4.27  0.0547 
Sample  2 0.00449690 1.89  0.2132 
Day  1 0.00289344 1.21  0.3026 
Sample*Day 2 0.00842954 3.54  0.0794 
Source  DF Mean Square F Value Pr > F 
 
Rep  3 0.00111114 0.62  0.6254 
Sample  2 0.00125558 0.70  0.5311 
Day  1 0.00278426 1.56  0.2579 
Sample*Day 2 0.00066221 0.37  0.7045 














































Source  DF Mean Square F Value Pr > F 
 
Rep  2 0.02207704 2.30  0.1811 
Sample  2 0.02782221 2.90  0.1314 
Day  1 0.00386334 0.40  0.5490 
Sample*Day 2 0.00060080 0.06  0.9399 
Source  DF Mean Square F Value Pr > F 
 
Rep  3 0.00125414 0.24  0.8685 
Sample  2 0.00899710 1.70  0.2366 
Day  1 0.04930030 9.31  0.0138 
Sample*Day 2 0.00273540 0.52  0.6132 
Source  DF Mean Square F Value Pr > F 
          
Rep  2 0.01500000 1.13  0.3847 
Sample  2 0.00595833 0.45  0.6593 
Day  1 0.33333333 25.00  0.0025  
Sample*Day 2 0.01695833 1.27  0.3463 
Source  DF Mean Square F Value Pr > F 
      
Rep  1 0.00750000 0.56  0.4896 
Sample  2 0.00250000 0.19  0.8364  
Day  1 0.36750000 27.22  0.0034  
Sample*Day 2 0.01750000 1.30  0.3519  














































Source  DF Mean Square F Value Pr > F 
   
Rep  2 0.02833333 1.70  0.2601  
Sample  2 0.01366667 0.82  0.4844  
Day  1 0.51041667 30.63  0.0015  
Sample*Day 2 0.01009804 0.61  0.5759  
Source  DF Mean Square F Value Pr > F 
 
Rep  1 0.00750000 2.14  0.2031 
Sample  2 0.04083333 11.67  0.0131 
Day  1 0.52083333 148.81   < 0.0001 
Sample*Day 2 0.01083333 3.10  0.1334 
Source  DF Mean Square F Value Pr > F 
 
Rep  2 0.18375000 1.72  0.2701 
Sample  2 0.09000000 0.84  0.4838 
Day  1 1.02083333 9.56  0.0271 
Sample*Day 2 0.10333333 0.97  0.4415 
Source  DF Mean Square F Value Pr > F 
 
Rep  2 0.09777778 0.12  0.8847 
Sample  2 0.24577778 0.31  0.7408 
Day  1 5.51903382 7.04  0.0328 
Sample*Day 2 0.48940042 0.62  0.5632 














































Table 28 - ANOVA table for all initial and 6-d emulsion viscosity measurements. 
Source DF Mean Square F Value Pr > F 
Rep 2 0.00424306 0.03 0.9732 
Fat 2 0.32662557 2.10 0.1356 
Tastant 5 0.68138171 4.37 0.0027 
Fat*Tastant 10 0.08715347 0.56 0.8371 
Day 1 6.07286224 38.97 <.0001 
Fat*Day 2 0.08927718 0.57 0.5682 
Tastant*Day 5 0.43688952 2.80 0.0284 
Fat*Tastant*Day 10 0.10239691 0.66 0.7565 
 
 
Table 29 - LSMeans and LSMean numbers for significance of 6-d emulsion viscosity 
measurements in Table 30. 
Tastant Day V LSMEAN 
LSMEAN 
Number 
Citric 1 1.75833333 1 
Citric 6 2.10833333 2 
Control 1 1.78611111 3 
Control 6 2.09166667 4 
MSG 1 1.78888889 5 
MSG 6 2.17777778 6 
NaCl 1 1.79166667 7 
NaCl 6 2.32777778 8 
QHCl 1 1.69166667 9 
QHCl 6 2.10833333 10 
Sucrose 1 1.81666667 11 









Table 31 - ANOVA table for emulsion pH. 
Source DF Type I SS Mean Square F Value Pr > F 
Rep 1 0.00002500 0.00002500 0.02 0.8814 
Sample 17 4.11532500 0.24207794 222.15 <.0001 
 
 
Table 32 - REGWQ table corresponding to ANOVA for emulsion pH. 
Means with the same letter are not significantly different. 
REGWQ Grouping Mean N Sample 
 A 7.25 2 SBO-QHCl 
 A 7.24 2 SBO-Sucrose 
B A 7.19 2 SBO 
B A 7.19 2 SBO-MSG 
B A 7.17 2 SBO-NaCl 
B A 7.17 2 50-50-Sucrose 
B A 7.16 2 50-50-MSG 
B A 7.15 2 50-50-QHCl 
B A 7.13 2 50-50 
B A 7.13 2 AMF-MSG 
B A 7.13 2 AMF-Sucrose 
B A 7.13 2 AMF-Sucrose 
B  7.10 2 AMF 
B  7.10 2 50-50-NaCl 
B  7.06 2 AMF-NaCl 
 C 6.27 2 50-50-Citric Acid 
 C 6.26 2 SBO-Citric Acid 
 C 6.24 2 AMF-Citric Acid 
 
Alpha 0.05 
Error Degrees of Freedom 17 






Table 33 - ANOVA table for thresholds for citric acid-containing samples. 
 ANOVA Results 
Source DF Type I SS Mean Square F Value Pr > F 
Rep 1 0.00005400 0.00005400 3.48 0.1209 
Citric Acid 5 0.00322844 0.00064569 41.66 0.0004 
 
 
Table 34 - REGWQ table corresponding to ANOVA for thresholds for citric acid-
containing samples. 
 REGWQ Results 
Means with the same letter are not significantly different. 
REGWQ Grouping Mean N Citric Acid 
A 0.036505 2 50-50 
A 0.035887 2 AMF 
A 0.031446 2 SBO 
B 0.002089 2 aqu_s 
B 0.001939 2 aqu_a 
B 0.001862 2 aqu_5 
 
Alpha  0.05 
Error Degrees of Freedom  5 




Table 35 - ANOVA table for thresholds for MSG-containing samples. 
 ANOVA Results 
Source DF Type I SS Mean Square F Value Pr > F 
Rep 1 0.00005807 0.00005807 3.11 0.1380 
MSG 5 0.00046415 0.00009283 4.98 0.0515 
 
 
Table 36 - REGWQ table corresponding to ANOVA for thresholds for MSG-
containing samples. 
 REGWQ Results 
Means with the same letter are not significantly different. 
REGWQ Grouping Mean N MSG 
A 0.027276 2 AMF 
A 0.026745 2 aqu_5 
A 0.026239 2 SBO 
A 0.018562 2 50-50 
A 0.013629 2 aqu_s 
A 0.012506 2 aqu_a 
 
Alpha  0.05 
Error Degrees of Freedom  5 




Table 37 - ANOVA table for thresholds for QHCl-containing samples. 
 ANOVA Results 
Source DF Type I SS Mean Square F Value Pr > F 
Rep 1 1.3044191E-8 1.3044191E-8 0.40 0.5540 
QHCl 5 2.1368375E-6 4.273675E-7 13.16 0.0067 
 
 
Table 38 - REGWQ table corresponding to ANOVA for thresholds for QHCl-
containing samples. 
 REGWQ Results 
Means with the same letter are not significantly different. 
REGWQ Grouping Mean N QHCl 
A 0.0011025 2 SBO 
A 0.0011019 2 50-50 
A 0.0010518 2 AMF 
B 0.0002922 2 aqu_s 
B 0.0002430 2 aqu_5 
B 0.0001965 2 aqu_a 
 
Alpha  0.05 
Error Degrees of Freedom  5 




Table 39 - ANOVA table for thresholds for NaCl-containing samples. 
 ANOVA Results 
Source DF Type I SS Mean Square F Value Pr > F 
Rep 1 0.00000482 0.00000482 0.19 0.6809 
NaCl 5 0.00018847 0.00003769 1.49 0.3369 
 
 
Table 40 - REGWQ table corresponding to ANOVA for thresholds for NaCl-
containing samples. 
 REGWQ Results 
Means with the same letter are not significantly different. 
REGWQ Grouping Mean N NaCl 
A 0.021996 2 SBO 
A 0.020151 2 AMF 
A 0.014993 2 50-50 
A 0.013441 2 aqu_5 
A 0.013113 2 aqu_a 
A 0.010955 2 aqu_s 
 
Alpha  0.05 
Error Degrees of Freedom  5 




Table 41 - ANOVA table for thresholds for sucrose-containing samples. 
 ANOVA Results 




Value Pr > F 
Rep 1 0.00104057 0.00104057 0.50 0.5107 
Sucrose 5 0.01847757 0.00369551 1.78 0.2713 
 
 
Table 42 - REGWQ table corresponding to ANOVA for thresholds for sucrose-
containing samples. 
REGWQ Results 
Means with the same letter are not significantly 
different. 
REGWQ Grouping Mean N Sucrose 
A 0.25533 2 50-50 
A 0.20092 2 SBO 
A 0.18689 2 aqu_s 
A 0.15849 2 AMF 
A 0.14377 2 aqu_a 
A 0.14369 2 aqu_5 
 
Alpha  0.05 
Error Degrees of Freedom  5 






Table 43 - ANOVA table for viscosities of citric-containing threshold samples. 
Source DF Mean Square F Value Pr > F 
Rep 1 0.09817604 13.56 0.0006 
Sample 5 5.39095104 744.62 <.0001 
Level 7 0.00965223 1.33 0.2561 
Sample*Level 35 0.00591295 0.82 0.7318 
 
 
Table 44 - REGWQ table corresponding to ANOVA for viscosities of citric-
containing threshold samples. 
Means with the same letter are not significantly different. 
REGWQ Grouping Mean N Sample 
A 2.57500 16 AMF Citric 
    
B 2.47500 16 50-50 Citric 
    
C 2.37500 16 SBO Citric 
    
D 1.46063 16 aqu_5 
D    
D 1.41250 16 aqu_a 
D    
D 1.39375 16 aqu_s 
Alpha 0.05 
Error Degrees of Freedom 47 






Table 45 - ANOVA table for viscosities of MSG-containing threshold samples. 
Source DF Mean Square F Value Pr > F 
Rep 1 0.08760417 1.07 0.3062 
Sample 5 5.82810417 71.20 <.0001 
Level 7 0.10308036 1.26 0.2909 
Sample*Level 35 0.07572321 0.93 0.5907 
 
 
Table 46 - REGWQ table corresponding to ANOVA for viscosities of MSG-
containing threshold samples. 
Means with the same letter are not significantly different. 
REGWQ Grouping Mean N Sample 
A 2.5750 16 50-50 MSG 
A    
A 2.5000 16 AMF MSG 
A    
A 2.4500 16 SBO MSG 
    
B 1.5063 16 aqu_a 
B    
B 1.4250 16 aqu_s 
B    
B 1.3125 16 aqu_5 
Alpha 0.05 
Error Degrees of Freedom 47 






Table 47 - ANOVA table for viscosities of QHCl-containing threshold samples. 
Source DF Mean Square F Value Pr > F 
Rep 1 0.12760417 30.38 <.0001 
Sample 5 5.89310417 1403.15 <.0001 
Level 7 0.00510417 1.22 0.3133 
Sample*Level 35 0.00524702 1.25 0.2360 
 
 
Table 48 - REGWQ table corresponding to ANOVA for viscosities of QHCl-
containing threshold samples. 
 
Means with the same letter are not significantly different. 
REGWQ Grouping Mean N Sample 
 A 2.58750 16 5Q 
     
 B 2.40000 16 SQ 
 B    
 B 2.36250 16 AQ 
     
 C 1.40000 16 D5Q 
 C    
D C 1.35000 16 DSQ 
D     
D  1.30625 16 DAQ 
     
Alpha 0.05 
Error Degrees of Freedom 47 






Table 49 - ANOVA table for viscosities of NaCl-containing threshold samples. 
Source DF Mean Square F Value Pr > F 
Rep 1 0.03010417 0.63 0.4323 
Sample 5 5.28685417 110.20 <.0001 
Level 7 0.05819940 1.21 0.3145 




Table 50 - REGWQ table corresponding to ANOVA for viscosities of NaCl-
containing threshold samples. 
Means with the same letter are not significantly different. 
REGWQ Grouping Mean N Sample 
A 2.56875 16 AMF NaCl 
A    
A 2.51250 16 50-50 NaCl 
A    
A 2.40625 16 SBO NaCl 
    
B 1.50000 16 aqu_5 
B    
B 1.45000 16 aqu_a 
B    
B 1.40625 16 aqu_s 
Alpha 0.05 
Error Degrees of Freedom 47 





Table 51 - ANOVA table for viscosities of sucrose-containing threshold samples. 
Source DF Mean Square F Value Pr > F 
Rep 1 0.18375000 13.79 0.0005 
Sample 5 5.54191667 415.92 <.0001 
Level 7 0.00857143 0.64 0.7179 
Sample*Level 35 0.00725000 0.54 0.9685 
 
 
Table 52 - REGWQ table corresponding to ANOVA for viscosities of sucrose-
containing threshold samples. 
Means with the same letter are not significantly different. 
REGWQ Grouping Mean N Sample 
A 2.49375 16 SBO Sucrose 
A    
A 2.45000 16 AMF Sucrose 
A    
A 2.41250 16 50-50 Sucrose 
    
B 1.42500 16 aqu_s 
B    
B 1.41250 16 aqu_5 
    
C 1.30625 16 aqu_a 
Alpha 0.05 
Error Degrees of Freedom 47 




Table 53 - ANOVA table of effects of rep, judge, and sample and interactions on 



































Mean Std Dev 
Panelist 1 50-50 2 1.5 0.7071068 
Panelist 1 AMF 4 3 3.5355339 
Panelist 1 Control (50-50) 2 3.5 3.5355339 
Panelist 1 Control (AMF) 4 3.25 3.5939764 
Panelist 1 Control (SBO) 4 2.5 3 
Panelist 1 Control (aqu_5) 2 1.5 0.7071068 
Panelist 1 Control (aqu_a) 4 0.75 0.2886751 
Panelist 1 Control (aqu_s) 4 1 0.7071068 
Panelist 1 SBO 4 3.25 1.5 
Panelist 1 aqu_5 2 9 1.4142136 
Panelist 1 aqu_a 4 7 2.1602469 
Panelist 1 aqu_s 4 10.5 1.290994 
Panelist 2 50-50 4 7.25 4.0311289 
Panelist 2 AMF 4 10.75 0.957427 
Panelist 2 Control (50-50) 4 3.75 1.2583057 
Panelist 2 Control (AMF) 4 3.25 0.5 
Panelist 2 Control (SBO) 4 3.5 1.9148542 
Panelist 2 Control (aqu_5) 4 3.75 1.2583057 
Panelist 2 Control (aqu_a) 4 4.75 3.0956959 
Panelist 2 Control (aqu_s) 4 3 0.8164966 
Panelist 2 SBO 4 11.25 2.986079 
Panelist 2 aqu_5 4 12.75 2.061553 
REGWQ Results 
Means with the same letter are not significantly different. 
REGWQ Grouping Mean N Judge 
A 7.7292 48 Panelist 2 
B 5.4688 48 Panelist 9 
C 4.6042 48 Panelist 4 
C 4.0625 48 Panelist 10 
C 3.9 40 Panelist 1 
C 3.8021 48 Panelist 7 
D 2.875 48 Panelist 6 
D 2.7128 47 Panelist 5 
D 2.3125 48 Panelist 3 
D 1.9583 48 Panelist 8 
Alpha 0.05 
Error Degrees of Freedom 321 








Mean Std Dev 
Panelist 2 aqu_a 4 13.75 1.5 
Panelist 2 aqu_s 4 15 0 
Panelist 3 50-50 4 1.375 1.25 
Panelist 3 AMF 4 2.25 0.2886751 
Panelist 3 Control (50-50) 4 0.375 0.4787136 
Panelist 3 Control (AMF) 4 0.75 0.9574271 
Panelist 3 Control (SBO) 4 0 0 
Panelist 3 Control (aqu_5) 4 1 0.4082483 
Panelist 3 Control (aqu_a) 4 0.875 0.6291529 
Panelist 3 Control (aqu_s) 4 1.5 1.5811388 
Panelist 3 SBO 4 2 1.0801235 
Panelist 3 aqu_5 4 6.375 1.652019 
Panelist 3 aqu_a 4 5.25 2.0615528 
Panelist 3 aqu_s 4 6 2.1602469 
Panelist 4 50-50 4 2 1.4142136 
Panelist 4 AMF 4 5.5 2.6457513 
Panelist 4 Control (50-50) 4 0.25 0.5 
Panelist 4 Control (AMF) 4 0.25 0.5 
Panelist 4 Control (SBO) 4 0.25 0.5 
Panelist 4 Control (aqu_5) 4 1.5 1.7320508 
Panelist 4 Control (aqu_a) 4 0.25 0.5 
Panelist 4 Control (aqu_s) 4 0.5 1 
Panelist 4 SBO 4 5.25 2.0615528 
Panelist 4 aqu_5 4 10 2.160247 
Panelist 4 aqu_a 4 14.5 1 
Panelist 4 aqu_s 4 15 0 
Panelist 5 50-50 4 0 0 
Panelist 5 AMF 4 1.25 1.2583057 
Panelist 5 Control (50-50) 4 0.625 0.4787136 
Panelist 5 Control (AMF) 3 0.6666667 0.5773503 
Panelist 5 Control (SBO) 4 0.5 0.5773503 
Panelist 5 Control (aqu_5) 4 0.75 0.9574271 
Panelist 5 Control (aqu_a) 4 1.25 0.5 
Panelist 5 Control (aqu_s) 4 1.25 0.9574271 
Panelist 5 SBO 4 0.625 0.4787136 
Panelist 5 aqu_5 4 5.25 0.5 
Panelist 5 aqu_a 4 9.875 4.479118 
Panelist 5 aqu_s 4 10 4.690416 
Panelist 6 50-50 4 0.875 1.0307764 
Panelist 6 AMF 4 3.125 1.0307764 
Panelist 6 Control (50-50) 4 1.625 2.5940637 
Panelist 6 Control (AMF) 4 4.125 0.8539126 
Panelist 6 Control (SBO) 4 1.75 0.5 
Panelist 6 Control (aqu_5) 4 0.625 0.75 
Panelist 6 Control (aqu_a) 4 1.25 0.5 
Panelist 6 Control (aqu_s) 4 2.5 1.2909945 
Panelist 6 SBO 4 1.75 0.9574271 
Panelist 6 aqu_5 4 5.125 1.931105 
Panelist 6 aqu_a 4 6 2.1602469 








Mean Std Dev 
Panelist 7 50-50 4 2.25 2.6299556 
Panelist 7 AMF 4 4.25 0.5 
Panelist 7 Control (50-50) 4 1.5 0.5773503 
Panelist 7 Control (AMF) 4 0.5 0.5773503 
Panelist 7 Control (SBO) 4 0.5 0.5773503 
Panelist 7 Control (aqu_5) 4 2.125 1.75 
Panelist 7 Control (aqu_a) 4 0.75 0.9574271 
Panelist 7 Control (aqu_s) 4 0.25 0.5 
Panelist 7 SBO 4 3.5 1 
Panelist 7 aqu_5 4 8.5 1.914854 
Panelist 7 aqu_a 4 9.25 2.362908 
Panelist 7 aqu_s 4 12.25 0.5 
Panelist 8 50-50 4 0.375 0.25 
Panelist 8 AMF 4 0.75 0.5 
Panelist 8 Control (50-50) 4 0.375 0.25 
Panelist 8 Control (AMF) 4 0.75 0.2886751 
Panelist 8 Control (SBO) 4 0.75 0.2886751 
Panelist 8 Control (aqu_5) 4 0.75 1.1902381 
Panelist 8 Control (aqu_a) 4 1.5 1.1547005 
Panelist 8 Control (aqu_s) 4 0.875 0.25 
Panelist 8 SBO 4 0.625 0.6291529 
Panelist 8 aqu_5 4 2 1.0801235 
Panelist 8 aqu_a 4 6 1.4142136 
Panelist 8 aqu_s 4 8.75 1.5 
Panelist 9 50-50 4 3.5 3.3665017 
Panelist 9 AMF 4 4.375 1.652019 
Panelist 9 Control (50-50) 4 3.5 1.2247449 
Panelist 9 Control (AMF) 4 5 3.0276504 
Panelist 9 Control (SBO) 4 0.75 0.8660254 
Panelist 9 Control (aqu_5) 4 3.25 1.2583057 
Panelist 9 Control (aqu_a) 4 2.375 1.8427787 
Panelist 9 Control (aqu_s) 4 2.25 0.9574271 
Panelist 9 SBO 4 1.875 1.1086779 
Panelist 9 aqu_5 4 12.625 0.75 
Panelist 9 aqu_a 4 12.75 1.5 
Panelist 9 aqu_s 4 13.375 1.25 
Panelist 10 50-50 4 1.75 1.2583057 
Panelist 10 AMF 4 3.25 1.2583057 
Panelist 10 Control (50-50) 4 0 0 
Panelist 10 Control (AMF) 4 0.25 0.5 
Panelist 10 Control (SBO) 4 0 0 
Panelist 10 Control (aqu_5) 4 0 0 
Panelist 10 Control (aqu_a) 4 1.5 1 
Panelist 10 Control (aqu_s) 4 0.5 1 
Panelist 10 SBO 4 3.5 1.2909945 
Panelist 10 aqu_5 4 12 0.816497 
Panelist 10 aqu_a 4 12.25 1.5 





Table 56 - REGWQ table corresponding to ANOVA for citric acid intensity ratings. 
REGWQ Results 
Means with the same letter are not significantly 
different. 
REGWQ Grouping Mean N Judge 
  A 7.1667 48 
  A 6.7292 48 
  B 4.3646 48 
C B 3.8542 48 
C B 3.6979 48 
C   3.3958 48 
C   3.375 40 
C   3.1875 48 
  D 2.3854 48 
  D 2.1528 36 
Alpha 0.05 
Error Degrees of Freedom 310 
Error Mean Square 2.187819 
 
 






Mean Std Dev 
Panelist 1 50-50 4 2.75 1.7078251 
Panelist 1 AMF 4 1.25 0.5 
Panelist 1 Control (SBO) 2 2.5 0.7071068 
Panelist 1 Control (aqu_5) 4 1.25 1.1902381 
Panelist 1 Control (aqu_a) 4 1 0.9128709 
Panelist 1 Control (aqu_s) 2 1 0 
Panelist 1 Control (50-50) 4 1.375 1.3768926 
Panelist 1 Control (AMF) 4 1.625 1.6007811 
Panelist 1 SBO 2 2.5 0.7071068 
Panelist 1 aqu_5 4 8.25 2.2173558 
Panelist 1 aqu_a 4 9.25 1.2583057 
Panelist 1 aqu_s 2 8 1.4142136 
Panelist 2 50-50 4 5.25 2.2173558 
Panelist 2 AMF 4 6.75 1.8929695 
Panelist 2 Control (SBO) 4 3 0 
Panelist 2 Control (aqu_5) 4 3.75 0.9574271 
Panelist 2 Control (aqu_a) 4 3 2 
Panelist 2 Control (aqu_s) 4 4 1.1547005 
Panelist 2 Control (50-50) 4 4.75 1.2583057 
Panelist 2 Control (AMF) 4 4.25 1.2583057 








Mean Std Dev 
Panelist 2 aqu_5 4 14.25 1.5 
Panelist 2 aqu_a 4 12.5 2.8867514 
Panelist 2 aqu_s 4 13.75 1.5 
Panelist 3 50-50 4 1.625 0.75 
Panelist 3 AMF 4 1.5 0.7071068 
Panelist 3 Control (SBO) 4 0.5 0.5773503 
Panelist 3 Control (aqu_5) 4 0.625 0.75 
Panelist 3 Control (aqu_a) 4 1 1.4142136 
Panelist 3 Control (aqu_s) 4 0.75 0.8660254 
Panelist 3 Control (50-50) 4 1.25 0.8660254 
Panelist 3 Control (AMF) 4 1.5 1 
Panelist 3 SBO 4 1 1.4142136 
Panelist 3 aqu_5 4 5.5 1.0801235 
Panelist 3 aqu_a 4 6.75 1.5 
Panelist 3 aqu_s 4 6.625 1.8874586 
Panelist 4 50-50 4 1 1.1547005 
Panelist 4 AMF 4 1.5 1.9148542 
Panelist 4 Control (SBO) 4 0.25 0.5 
Panelist 4 Control (aqu_5) 4 0.5 0.5773503 
Panelist 4 Control (aqu_a) 4 0.5 1 
Panelist 4 Control (aqu_s) 4 0.5 0.5773503 
Panelist 4 Control (50-50) 4 0 0 
Panelist 4 Control (AMF) 4 0.5 1 
Panelist 4 SBO 4 2.5 1 
Panelist 4 aqu_5 4 11 1.8257419 
Panelist 4 aqu_a 4 11.25 4.2720019 
Panelist 4 aqu_s 4 8.75 4.5 
Panelist 5 50-50 4 1.5 0.5773503 
Panelist 5 AMF 4 2 1.4142136 
Panelist 5 Control (SBO) 4 1 2 
Panelist 5 Control (aqu_5) 4 0.5 0.5773503 
Panelist 5 Control (aqu_a) 4 1 0.8164966 
Panelist 5 Control (aqu_s) 4 0.75 0.5 
Panelist 5 Control (50-50) 4 1.25 0.9574271 
Panelist 5 Control (AMF) 4 0.625 0.4787136 
Panelist 5 SBO 4 3.5 3.7859389 
Panelist 5 aqu_5 4 11 3.1622777 
Panelist 5 aqu_a 4 11.5 2.3804761 
Panelist 5 aqu_s 4 9.75 2.6299556 
Panelist 6 50-50 4 5.75 2.2173558 
Panelist 6 AMF 4 6.25 0.6454972 
Panelist 6 Control (SBO) 4 2.375 1.75 
Panelist 6 Control (aqu_5) 4 2.125 1.3149778 
Panelist 6 Control (aqu_a) 4 0.625 0.75 
Panelist 6 Control (aqu_s) 4 0.25 0.5 
Panelist 6 Control (50-50) 4 5.375 1.25 
Panelist 6 Control (AMF) 4 3.875 0.8539126 
Panelist 6 SBO 4 5.25 2.2173558 
Panelist 6 aqu_5 4 8.375 3.3509949 








Mean Std Dev 
Panelist 6 aqu_s 4 6.25 1.5 
Panelist 7 50-50 4 2 0.8164966 
Panelist 7 AMF 4 2.25 0.5 
Panelist 7 Control (SBO) 4 2 1.1547005 
Panelist 7 Control (aqu_5) 4 1 0 
Panelist 7 Control (aqu_a) 4 0.875 1.0307764 
Panelist 7 Control (aqu_s) 4 1.5 0.5773503 
Panelist 7 Control (50-50) 4 1.5 0.5773503 
Panelist 7 Control (AMF) 4 1.125 0.25 
Panelist 7 SBO 4 3 0.4082483 
Panelist 7 aqu_5 4 7 2.9439203 
Panelist 7 aqu_a 4 9 1.1547005 
Panelist 7 aqu_s 4 9.5 0.5773503 
Panelist 8 50-50 4 1 0.5773503 
Panelist 8 AMF 4 0.5 0 
Panelist 8 Control (SBO) 4 0.5 0.4082483 
Panelist 8 Control (aqu_5) 2 1.25 1.0606602 
Panelist 8 Control (aqu_a) 2 0.5 0 
Panelist 8 Control (aqu_s) 2 0.25 0.3535534 
Panelist 8 Control (50-50) 4 0.75 0.2886751 
Panelist 8 Control (AMF) 4 0.625 0.25 
Panelist 8 SBO 4 0.75 0.2886751 
Panelist 8 aqu_5 2 9.5 3.5355339 
Panelist 8 aqu_a 2 9.5 2.1213203 
Panelist 8 aqu_s 2 9.5 0.7071068 
Panelist 9 50-50 4 4.375 1.75 
Panelist 9 AMF 4 7.75 2.9580399 
Panelist 9 Control (SBO) 4 4.625 1.652019 
Panelist 9 Control (aqu_5) 4 4.375 1.1814539 
Panelist 9 Control (aqu_a) 4 4.75 1.040833 
Panelist 9 Control (aqu_s) 4 1.75 1.4433757 
Panelist 9 Control (50-50) 4 5.5 1.5811388 
Panelist 9 Control (AMF) 4 7 0.8164966 
Panelist 9 SBO 4 5.875 2.5289985 
Panelist 9 aqu_5 4 13.75 1.5 
Panelist 9 aqu_a 4 13.875 0.8539126 
Panelist 9 aqu_s 4 12.375 1.4930394 
Panelist 10 50-50 4 1.25 0.9574271 
Panelist 10 AMF 4 2 1.6329932 
Panelist 10 Control (SBO) 4 0.5 0.5773503 
Panelist 10 Control (aqu_5) 4 0 0 
Panelist 10 Control (aqu_a) 4 0 0 
Panelist 10 Control (aqu_s) 4 0.25 0.5 
Panelist 10 Control (50-50) 4 0.5 0.5773503 
Panelist 10 Control (AMF) 4 1.5 0.5773503 
Panelist 10 SBO 4 0.5 0.5773503 
Panelist 10 aqu_5 4 14.25 0.9574271 
Panelist 10 aqu_a 4 13.5 1.9148542 




Table 58 - REGWQ table corresponding to ANOVA for MSG intensity ratings. 
REGWQ Results (MSG) 
Means with the same letter are not significantly 
different. 
REGWQ Grouping Mean N Judge 
  A   6.2708 48 Panelist 2 
  B   5.125 36 Panelist 9 
  C   4.0729 48 Panelist 6 
D C   3.6458 48 Panelist 8 
D E   2.9583 48 Panelist 4 
D E F 2.75 48 Panelist 1 
  E F 2.2083 48 Panelist 10 
  E F 2.125 48 Panelist 5 
    F 1.9375 48 Panelist 3 
    F 1.8438 48 Panelist 7 
Alpha 0.05 
Error Degrees of Freedom 318 
Error Mean Square 2.653892 
 
 






Mean Std Dev 
Panelist 1 50-50 4 3.375 1.9737866 
Panelist 1 AMF 4 4.25 2.0615528 
Panelist 1 Control (AMF) 4 1.25 0.9574271 
Panelist 1 Control (SBO) 4 1.875 1.547848 
Panelist 1 Control (aqu_5) 4 1.125 1.0307764 
Panelist 1 Control (aqu_a) 4 0.125 0.25 
Panelist 1 Control (aqu_s) 4 1.375 2.4281337 
Panelist 1 Control (50-50) 4 4 2.9439203 
Panelist 1 SBO 4 5 3.3665017 
Panelist 1 aqu_5 4 2.875 2.8394542 
Panelist 1 aqu_a 4 3.25 1.7078251 
Panelist 1 aqu_s 4 4.5 2.3804761 
Panelist 2 50-50 4 6.25 3.5939764 
Panelist 2 AMF 4 12 2.3094011 
Panelist 2 Control (AMF) 4 4 0.8164966 
Panelist 2 Control (SBO) 4 5.5 0.5773503 
Panelist 2 Control (aqu_5) 4 3 1.1547005 
Panelist 2 Control (aqu_a) 4 5.5 1.2909945 
Panelist 2 Control (aqu_s) 4 4.75 2.5 
Panelist 2 Control (50-50) 4 3.75 1.2583057 








Mean Std Dev 
Panelist 2 aqu_5 4 3.5 1.2909945 
Panelist 2 aqu_a 4 8.25 2.3629078 
Panelist 2 aqu_s 4 6.5 2.6457513 
Panelist 3 50-50 4 2.625 0.4787136 
Panelist 3 AMF 4 3.625 1.1086779 
Panelist 3 Control (AMF) 4 3.25 0.8660254 
Panelist 3 Control (SBO) 4 1.875 1.4361407 
Panelist 3 Control (aqu_5) 4 0.875 1.1814539 
Panelist 3 Control (aqu_a) 4 0.875 0.6291529 
Panelist 3 Control (aqu_s) 4 1 0.8164966 
Panelist 3 Control (50-50) 4 2.625 1.7969882 
Panelist 3 SBO 4 3 0.7071068 
Panelist 3 aqu_5 4 1 0.8164966 
Panelist 3 aqu_a 4 1 1.0801235 
Panelist 3 aqu_s 4 1.5 1 
Panelist 4 50-50 4 6.75 2.5 
Panelist 4 AMF 4 4.75 3.5939764 
Panelist 4 Control (AMF) 4 0.75 0.9574271 
Panelist 4 Control (SBO) 4 0 0 
Panelist 4 Control (aqu_5) 4 0.75 0.9574271 
Panelist 4 Control (aqu_a) 4 0 0 
Panelist 4 Control (aqu_s) 4 0 0 
Panelist 4 Control (50-50) 4 2 1.6329932 
Panelist 4 SBO 4 6 2.8284271 
Panelist 4 aqu_5 4 4 2.4494897 
Panelist 4 aqu_a 4 5.25 2.5 
Panelist 4 aqu_s 4 5.25 2.7537853 
Panelist 5 50-50 4 5.75 2.0615528 
Panelist 5 AMF 4 3.5 1.7320508 
Panelist 5 Control (AMF) 4 0.75 0.5 
Panelist 5 Control (SBO) 4 1.75 0.5 
Panelist 5 Control (aqu_5) 4 0.25 0.5 
Panelist 5 Control (aqu_a) 4 0 0 
Panelist 5 Control (aqu_s) 4 0.75 0.5 
Panelist 5 Control (50-50) 4 1.75 0.5 
Panelist 5 SBO 4 3.75 1.5 
Panelist 5 aqu_5 4 1.5 1.2909945 
Panelist 5 aqu_a 4 3.5 1.9148542 
Panelist 5 aqu_s 4 2.25 1.7078251 
Panelist 6 50-50 4 6.625 2.926175 
Panelist 6 AMF 4 6 0.8164966 
Panelist 6 Control (AMF) 4 4.25 2.0615528 
Panelist 6 Control (SBO) 4 4.5 1.7320508 
Panelist 6 Control (aqu_5) 4 1.875 1.0307764 
Panelist 6 Control (aqu_a) 4 3 1.5811388 
Panelist 6 Control (aqu_s) 4 4.125 2.3935678 
Panelist 6 Control (50-50) 4 4.625 2.2867371 
Panelist 6 SBO 4 4.25 2.2173558 
Panelist 6 aqu_5 4 1 0.8164966 








Mean Std Dev 
Panelist 6 aqu_s 4 4.375 1.8874586 
Panelist 7 50-50 4 4.5 1.2909945 
Panelist 7 AMF 4 2.25 1.5 
Panelist 7 Control (AMF) 4 0.5 0.5773503 
Panelist 7 Control (SBO) 4 0.75 0.5 
Panelist 7 Control (aqu_5) 4 0.75 0.5 
Panelist 7 Control (aqu_a) 4 0.25 0.5 
Panelist 7 Control (aqu_s) 4 0.375 0.4787136 
Panelist 7 Control (50-50) 4 1.875 1.547848 
Panelist 7 SBO 4 3.75 0.9574271 
Panelist 7 aqu_5 4 3.125 1.0307764 
Panelist 7 aqu_a 4 2 0.8164966 
Panelist 7 aqu_s 4 2 0.8164966 
Panelist 8 50-50 4 4.625 1.4930394 
Panelist 8 AMF 4 6.375 1.1086779 
Panelist 8 Control (AMF) 4 1.125 0.9464847 
Panelist 8 Control (SBO) 4 1.5 0.9128709 
Panelist 8 Control (aqu_5) 4 1 0.5773503 
Panelist 8 Control (aqu_a) 4 0.625 0.25 
Panelist 8 Control (aqu_s) 4 0.875 0.4787136 
Panelist 8 Control (50-50) 4 2.25 1.7078251 
Panelist 8 SBO 4 7.5 1.7320508 
Panelist 8 aqu_5 4 5 1.779513 
Panelist 8 aqu_a 4 6.375 1.3768926 
Panelist 8 aqu_s 4 6.5 1.2247449 
Panelist 9 50-50 2 5.75 1.767767 
Panelist 9 AMF 2 7 1.4142136 
Panelist 9 Control (AMF) 2 7.25 6.7175144 
Panelist 9 Control (SBO) 2 1.75 1.0606602 
Panelist 9 Control (aqu_5) 4 1.25 1.4433757 
Panelist 9 Control (aqu_a) 4 3.375 1.1814539 
Panelist 9 Control (aqu_s) 4 2.875 1.9737866 
Panelist 9 Control (50-50) 2 4 0.7071068 
Panelist 9 SBO 2 5 2.8284271 
Panelist 9 aqu_5 4 7.125 2.3935678 
Panelist 9 aqu_a 4 7.375 0.4787136 
Panelist 9 aqu_s 4 8.75 2.3273733 
Panelist 10 50-50 4 2.75 2.0615528 
Panelist 10 AMF 4 8.75 1.8929695 
Panelist 10 Control (AMF) 4 0 0 
Panelist 10 Control (SBO) 4 0 0 
Panelist 10 Control (aqu_5) 4 0.25 0.5 
Panelist 10 Control (aqu_a) 4 0 0 
Panelist 10 Control (aqu_s) 4 0 0 
Panelist 10 Control (50-50) 4 0.75 0.5 
Panelist 10 SBO 4 4.5 2.6457513 
Panelist 10 aqu_5 4 1.25 1.8929695 
Panelist 10 aqu_a 4 3.75 1.2583057 


































Mean Std Dev 
Panelist 1 50-50 2 3 0 
Panelist 1 AMF 2 4 0 
Panelist 1 Control (50-50) 2 1.5 0.7071068 
Panelist 1 Control (AMF) 2 1.5 0.7071068 
Panelist 1 Control (SBO) 2 3.5 0.7071068 
Panelist 1 Control (aqu_5) 4 0.25 0.5 
Panelist 1 Control (aqu_a) 2 1 0 
Panelist 1 Control (aqu_s) 4 0.25 0.5 
Panelist 1 SBO 2 6 1.4142136 
Panelist 1 aqu_5 4 0.5 0.5773503 
Panelist 1 aqu_a 2 1.75 1.767767 
Panelist 1 aqu_s 4 3.75 0.5 
Panelist 2 50-50 4 5.5 1.7320508 
Panelist 2 AMF 4 7.25 2.6299556 
Panelist 2 Control (50-50) 4 4.875 1.547848 
Panelist 2 Control (AMF) 4 4 1.4142136 
Panelist 2 Control (SBO) 4 6 2.1602469 
Panelist 2 Control (aqu_5) 4 3 1.4142136 
Panelist 2 Control (aqu_a) 4 3.75 2.0615528 
Panelist 2 Control (aqu_s) 4 2 0 
REGWQ Results (NaCl) 
Means with the same letter are not significantly 
different. 
REGWQ Grouping Mean N Judge 
  A 4.5729 48 
  A 4.1354 48 
  B 3.0833 36 
  C 1.9844 32 
  C 1.8958 48 
D C 1.6667 48 
D C 1.6563 48 
D C 1.2396 48 
D C 1.2188 48 
D   1.1042 48 
Alpha 0.05 
Error Degrees of Freedom 302 








Mean Std Dev 
Panelist 2 SBO 4 6.75 3.0956959 
Panelist 2 aqu_5 4 2.75 1.5 
Panelist 2 aqu_a 4 3 1.4142136 
Panelist 2 aqu_s 4 6 1.4142136 
Panelist 3 50-50 4 2.875 0.6291529 
Panelist 3 AMF 4 1.375 1.1086779 
Panelist 3 Control (50-50) 4 2.5 0.7071068 
Panelist 3 Control (AMF) 4 2.375 0.4787136 
Panelist 3 Control (SBO) 4 2.5 0.4082483 
Panelist 3 Control (aqu_5) 4 0.75 0.5 
Panelist 3 Control (aqu_a) 4 0.5 0.5773503 
Panelist 3 Control (aqu_s) 4 1 0.8164966 
Panelist 3 SBO 4 2.25 2.1015867 
Panelist 3 aqu_5 4 1 0.8164966 
Panelist 3 aqu_a 4 2.375 1.0307764 
Panelist 3 aqu_s 4 3.25 0.9574271 
Panelist 4 50-50 4 2.5 0.5773503 
Panelist 4 AMF 4 3.5 0.5773503 
Panelist 4 Control (50-50) 4 0 0 
Panelist 4 Control (AMF) 4 1.5 0.5773503 
Panelist 4 Control (SBO) 4 0.5 1 
Panelist 4 Control (aqu_5) 4 0.5 1 
Panelist 4 Control (aqu_a) 4 0.5 0.5773503 
Panelist 4 Control (aqu_s) 4 0.75 0.9574271 
Panelist 4 SBO 4 3 0.8164966 
Panelist 4 aqu_5 4 1.75 0.9574271 
Panelist 4 aqu_a 4 2.25 0.9574271 
Panelist 4 aqu_s 4 3.25 1.8929695 
Panelist 5 50-50 4 1.375 1.1086779 
Panelist 5 AMF 4 3.25 2.5 
Panelist 5 Control (50-50) 4 0.5 1 
Panelist 5 Control (AMF) 4 1.25 0.5 
Panelist 5 Control (SBO) 4 0.5 0.5773503 
Panelist 5 Control (aqu_5) 4 0 0 
Panelist 5 Control (aqu_a) 4 0.5 0.5773503 
Panelist 5 Control (aqu_s) 4 0.5 0.5773503 
Panelist 5 SBO 4 2 0.8164966 
Panelist 5 aqu_5 4 0 0 
Panelist 5 aqu_a 4 2.25 1.2583057 
Panelist 5 aqu_s 4 2.75 1.5 
Panelist 6 50-50 2 5.5 0.7071068 
Panelist 6 AMF 2 2 1.4142136 
Panelist 6 Control (50-50) 2 5.25 1.767767 
Panelist 6 Control (AMF) 2 1.5 0.7071068 
Panelist 6 Control (SBO) 2 6 1.4142136 
Panelist 6 Control (aqu_5) 4 2 1.4142136 
Panelist 6 Control (aqu_a) 4 0.25 0.5 
Panelist 6 Control (aqu_s) 4 2.375 1.7969882 
Panelist 6 SBO 2 6 1.4142136 








Mean Std Dev 
Panelist 6 aqu_a 4 1.375 1.3768926 
Panelist 6 aqu_s 4 5.875 0.8539126 
Panelist 7 50-50 4 2 1.1547005 
Panelist 7 AMF 4 2.75 0.9574271 
Panelist 7 Control (50-50) 4 2 0 
Panelist 7 Control (AMF) 4 1.75 0.9574271 
Panelist 7 Control (SBO) 4 1.25 0.5 
Panelist 7 Control (aqu_5) 4 1.5 1 
Panelist 7 Control (aqu_a) 4 2 0.8164966 
Panelist 7 Control (aqu_s) 4 0.875 0.25 
Panelist 7 SBO 4 1.5 1.2909945 
Panelist 7 aqu_5 4 0.75 0.5 
Panelist 7 aqu_a 4 2.25 1.5 
Panelist 7 aqu_s 4 1.25 0.5 
Panelist 8 50-50 4 1.125 0.4787136 
Panelist 8 AMF 4 1.25 0.5 
Panelist 8 Control (50-50) 4 0.625 0.25 
Panelist 8 Control (AMF) 4 0.5 0.4082483 
Panelist 8 Control (SBO) 4 0.75 0.2886751 
Panelist 8 Control (aqu_5) 4 1.25 0.8660254 
Panelist 8 Control (aqu_a) 4 0.5 0 
Panelist 8 Control (aqu_s) 4 1.25 0.2886751 
Panelist 8 SBO 4 1.25 0.2886751 
Panelist 8 aqu_5 4 1.625 1.6007811 
Panelist 8 aqu_a 4 2.125 0.4787136 
Panelist 8 aqu_s 4 2.375 1.7017148 
Panelist 9 50-50 4 3.875 0.75 
Panelist 9 AMF 4 7.625 2.4958299 
Panelist 9 Control (50-50) 4 5.875 1.3768926 
Panelist 9 Control (AMF) 4 6.75 1.5545632 
Panelist 9 Control (SBO) 4 4.125 1.4930394 
Panelist 9 Control (aqu_5) 4 2.625 0.25 
Panelist 9 Control (aqu_a) 4 2.625 2.5617377 
Panelist 9 Control (aqu_s) 4 2 0.7071068 
Panelist 9 SBO 4 5.5 2.0412415 
Panelist 9 aqu_5 4 2.625 1.3149778 
Panelist 9 aqu_a 4 2.875 1.75 
Panelist 9 aqu_s 4 3.125 1.931105 
Panelist 10 50-50 4 0.75 0.9574271 
Panelist 10 AMF 4 3 2.5819889 
Panelist 10 Control (50-50) 4 0.75 0.9574271 
Panelist 10 Control (AMF) 4 0.5 1 
Panelist 10 Control (SBO) 4 0.5 1 
Panelist 10 Control (aqu_5) 4 0 0 
Panelist 10 Control (aqu_a) 4 0 0 
Panelist 10 Control (aqu_s) 4 0 0 
Panelist 10 SBO 4 4 1.4142136 
Panelist 10 aqu_5 4 0.5 1 
Panelist 10 aqu_a 4 1 1.4142136 



































Mean Std Dev 
Panelist 1 50-50 4 3 1.4142136 
Panelist 1 AMF 2 1 1.4142136 
Panelist 1 Control (aqu_5) 4 1 1.3540064 
Panelist 1 Control (aqu_a) 2 0.75 0.3535534 
Panelist 1 Control (aqu_s) 4 1 0.8164966 
Panelist 1 Control (50-50) 4 0 0 
Panelist 1 Control (AMF) 2 0 0 
Panelist 1 Control (SBO) 4 0.25 0.2886751 
Panelist 1 SBO 4 0.5 1 
Panelist 1 aqu_5 4 4.25 0.9574271 
Panelist 1 aqu_a 2 1.5 2.1213203 
Panelist 1 aqu_s 4 1.75 1.4433757 
Panelist 2 50-50 4 8.5 1.7320508 
Panelist 2 AMF 4 4.75 2.0615528 
Panelist 2 Control (aqu_5) 4 4.75 1.2583057 
Panelist 2 Control (aqu_a) 4 4 0.8164966 
Panelist 2 Control (aqu_s) 4 3.5 0.5773503 
Panelist 2 Control (50-50) 4 4 1.4142136 
REGWQ Results (Sucrose) 
Means with the same letter are not significantly different. 
REGWQ Grouping Mean N Judge 
  A 4.8958 48 
  B 4.1458 48 
  C 2.3333 48 
D C 2.0729 48 
D C 2.0313 48 
D C 1.9375 48 
D C 1.6146 48 
D C 1.6042 48 
D   1.4167 48 
D   1.3375 40 
Alpha 0.05 
Error Degrees of Freedom 322 








Mean Std Dev 
Panelist 2 Control (AMF) 4 3 0.8164966 
Panelist 2 Control (SBO) 4 3 0.8164966 
Panelist 2 SBO 4 5.5 1.7320508 
Panelist 2 aqu_5 4 7.25 2.2173558 
Panelist 2 aqu_a 4 5.5 1 
Panelist 2 aqu_s 4 5 0 
Panelist 3 50-50 4 3.75 0.9574271 
Panelist 3 AMF 4 2.375 1.652019 
Panelist 3 Control (aqu_5) 4 0.75 0.5 
Panelist 3 Control (aqu_a) 4 1.125 0.8539126 
Panelist 3 Control (aqu_s) 4 1 0.8164966 
Panelist 3 Control (50-50) 4 0.875 0.6291529 
Panelist 3 Control (AMF) 4 0.875 1.0307764 
Panelist 3 Control (SBO) 4 0.5 1 
Panelist 3 SBO 4 1.75 1.9364917 
Panelist 3 aqu_5 4 2.625 0.75 
Panelist 3 aqu_a 4 1.5 1.5811388 
Panelist 3 aqu_s 4 2.25 0.6454972 
Panelist 4 50-50 4 4.75 0.5 
Panelist 4 AMF 4 1.5 1.2909945 
Panelist 4 Control (aqu_5) 4 0.75 0.5 
Panelist 4 Control (aqu_a) 4 0.5 1 
Panelist 4 Control (aqu_s) 4 1 1.4142136 
Panelist 4 Control (50-50) 4 0.5 1 
Panelist 4 Control (AMF) 4 1.5 0.5773503 
Panelist 4 Control (SBO) 4 1.25 1.5 
Panelist 4 SBO 4 3 1.1547005 
Panelist 4 aqu_5 4 4.25 0.5 
Panelist 4 aqu_a 4 1.75 1.5 
Panelist 4 aqu_s 4 2.5 1.2909945 
Panelist 5 50-50 4 6 1.8257419 
Panelist 5 AMF 4 1.5 1.2909945 
Panelist 5 Control (aqu_5) 4 0.5 0.5773503 
Panelist 5 Control (aqu_a) 4 1.625 1.1086779 
Panelist 5 Control (aqu_s) 4 0 0 
Panelist 5 Control (50-50) 4 0.5 0.5773503 
Panelist 5 Control (AMF) 4 1.5 1.2909945 
Panelist 5 Control (SBO) 4 0.75 0.5 
Panelist 5 SBO 4 4.25 0.9574271 
Panelist 5 aqu_5 4 4 1.8257419 
Panelist 5 aqu_a 4 2.5 3.1091264 
Panelist 5 aqu_s 4 1.75 1.5 
Panelist 6 50-50 4 2.625 1.25 
Panelist 6 AMF 4 1.75 1.1902381 
Panelist 6 Control (aqu_5) 4 3.5 1.9148542 
Panelist 6 Control (aqu_a) 4 0.875 1.0307764 
Panelist 6 Control (aqu_s) 4 1.375 1.1086779 
Panelist 6 Control (50-50) 4 4 2.4494897 
Panelist 6 Control (AMF) 4 1.5 1.9148542 








Mean Std Dev 
Panelist 6 SBO 4 2.5 1.4719601 
Panelist 6 aqu_5 4 5.125 2.9545163 
Panelist 6 aqu_a 4 2 1.1547005 
Panelist 6 aqu_s 4 1 0.4082483 
Panelist 7 50-50 4 5 0 
Panelist 7 AMF 4 2.75 0.9574271 
Panelist 7 Control (aqu_5) 4 0.25 0.5 
Panelist 7 Control (aqu_a) 4 2.75 0.9574271 
Panelist 7 Control (aqu_s) 4 0.875 0.6291529 
Panelist 7 Control (50-50) 4 0.875 1.0307764 
Panelist 7 Control (AMF) 4 2 1.1547005 
Panelist 7 Control (SBO) 4 1 0.9128709 
Panelist 7 SBO 4 2.625 0.75 
Panelist 7 aqu_5 4 2.25 0.5 
Panelist 7 aqu_a 4 2.5 0.5773503 
Panelist 7 aqu_s 4 1.5 0.4082483 
Panelist 8 50-50 4 3.25 0.8660254 
Panelist 8 AMF 4 1.5 0.7071068 
Panelist 8 Control (aqu_5) 4 1.625 1.0307764 
Panelist 8 Control (aqu_a) 4 1.125 0.4787136 
Panelist 8 Control (aqu_s) 4 0.875 0.75 
Panelist 8 Control (50-50) 4 1.375 0.25 
Panelist 8 Control (AMF) 4 0.625 0.6291529 
Panelist 8 Control (SBO) 4 0.75 0.5 
Panelist 8 SBO 4 1.625 0.8539126 
Panelist 8 aqu_5 4 2.625 0.8539126 
Panelist 8 aqu_a 4 1.875 0.6291529 
Panelist 8 aqu_s 4 2 1.0801235 
Panelist 9 50-50 4 6.625 1.547848 
Panelist 9 AMF 4 4.75 1.7078251 
Panelist 9 Control (aqu_5) 4 4.125 2.25 
Panelist 9 Control (aqu_a) 4 2.25 1.6583124 
Panelist 9 Control (aqu_s) 4 0.75 1.5 
Panelist 9 Control (50-50) 4 3.75 1.040833 
Panelist 9 Control (AMF) 4 4.125 0.75 
Panelist 9 Control (SBO) 4 5.875 1.8874586 
Panelist 9 SBO 4 5.25 2.533114 
Panelist 9 aqu_5 4 6 2.857738 
Panelist 9 aqu_a 4 3.5 2.5495098 
Panelist 9 aqu_s 4 2.75 2.3979158 
Panelist 10 50-50 4 5.5 3.1091264 
Panelist 10 AMF 4 1.5 1.2909945 
Panelist 10 Control (aqu_5) 4 0 0 
Panelist 10 Control (aqu_a) 4 0 0 
Panelist 10 Control (aqu_s) 4 0.25 0.5 
Panelist 10 Control (50-50) 4 0 0 
Panelist 10 Control (AMF) 4 0.25 0.5 
Panelist 10 Control (SBO) 4 1 1.4142136 
Panelist 10 SBO 4 2 1.6329932 








Mean Std Dev 
Panelist 10 aqu_a 4 1.25 0.9574271 
Panelist 10 aqu_s 4 2.5 1.9148542 
 
 

































 ANOVA Results for Citric Acid-containing Samples 
Source DF Type I SS Mean Square F Value Pr > F 
Sample 11 595.2475514 54.1134138 143.09 <.0001 
Rep 3 5.0580916 1.6860305 4.46 0.0098 
REGWQ Results 
Means with the same letter are not significantly different. 
REGWQ Grouping Mean N Sample 
  A  10.3375 4 aqu_a 
  A  10.3028 4 aqu_5 
  A  9.7500 4 aqu_s 
  B  3.1750 4 AMF 
C  B  3.0708 4 SBO 
C  B D 2.6500 4 50-50 
C E B D 2.2625 4 Control (AMF) 
C E B D 2.2250 4 Control (50-50) 
C E  D 1.6778 4 Control (SBO) 
 E  D 1.5403 4 Control (aqu_5) 
 E  D 1.3611 4 Control (aqu_a) 
 E   1.1528 4 Control (aqu_s) 
 
Alpha  0.05 
Error Degrees of Freedom  33 
Error Mean Square  0.378181 
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Table 66 - ANOVA table for average taste intensity ratings for MSG. 
 ANOVA Results for MSG-containing Samples 
Source DF Type I SS Mean Square F Value Pr > F 
Sample 11 126.7106244 11.5191477 34.83 <.0001 
Rep 3 1.6532427 0.5510809 1.67 0.1932 
 
 
Table 67 - REGWQ table corresponding to ANOVA for average MSG taste 
intensity. 
REGWQ Results 
Means with the same letter are not significantly different. 
REGWQ Grouping Mean N Sample 
 A  5.7778 4 AMF 
 A  5.4931 4 SBO 
 A  4.8569 4 50-50 
 A  4.6125 4 aqu_s 
 A  4.5000 4 aqu_a 
 B  3.0375 4 aqu_5 
C B  2.7014 4 Control (50-50) 
C B D 2.0472 4 Control (AMF) 
C B D 1.9472 4 Control (SBO) 
C  D 1.6125 4 Control (aqu_s) 
  D 1.3750 4 Control (aqu_a) 
  D 1.1125 4 Control (aqu_5) 
 
Alpha  0.05 
Error Degrees of Freedom  33 
Error Mean Square  0.330714 
 
 












 ANOVA Results for QHCl-containing Samples 
Source DF Type I SS Mean Square F Value Pr > F 
Sample 11 564.7886130 51.3444194 127.98 <.0001 
Rep 3 1.1941274 0.3980425 0.99 0.4086 
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Table 70 - ANOVA table for average taste intensity ratings for NaCl. 
A ANOVA Results for NaCl-containing Samples 
Source DF Type I SS Mean Square F Value Pr > F 
Sample 11 38.86792374 3.53344761 19.53 <.0001 
Rep 3 1.50000354 0.50000118 2.76 0.0575 
  
REGWQ Results 
Means with the same letter are not significantly different. 
REGWQ Grouping Mean N Sample 
A  10.9264 4 aqu_s 
B 9.6625 4 aqu_a 
C 8.3181 4 aqu_5 
D 3.7875 4 AMF 
D 3.3625 4 SBO 
E 2.0667 4 50-50 
E 1.9486 4 Control (AMF) 
E 1.5667 4 Control (aqu_a) 
E 1.5236 4 Control (aqu_5) 
E 1.4542 4 Control (50-50) 
E 1.3625 4 Control (aqu_s) 
E 1.0500 4 Control (SBO) 
 
Alpha  0.05 
Error Degrees of Freedom  33 
Error Mean Square  0.401204 
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Table 71 - REGWQ table corresponding to ANOVA for average taste NaCl intensity 
ratings. 
REGWQ Results 
Means with the same letter are not significantly different. 
REGWQ Grouping Mean N Sample 
 A 3.7000 4 AMF 
B A 3.5906 4 SBO 
B A 3.3875 4 aqu_s 
B C 2.6813 4 50-50 
D C 2.3219 4 Control (SBO) 
D C 2.2656 4 Control (AMF) 
D C 2.2406 4 Control (50-50) 
D C 2.1431 4 aqu_a 
D E 1.4250 4 aqu_5 
 E 1.1875 4 Control (aqu_5) 
 E 1.1583 4 Control (aqu_a) 
 E 1.1000 4 Control (aqu_s) 
 
Alpha  0.05 
Error Degrees of Freedom  33 
Error Mean Square  0.180967 
 
 
Table 72 - ANOVA table for average taste intensity ratings for sucrose. 
 ANOVA Results for Sucrose-containing Samples 
Source DF Type I SS Mean Square F Value Pr > F 
Sample 11 56.97786265 5.17980570 18.61 <.0001 




























Table 74 - Ascending series concentrations table in molarity. 
 
  
Tastant 1/64 Max 1/32 Max 1/16 Max 1/8 Max 1/4 Max 1/2 Max Maximum
Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7
Citric Acid 3.72E-05 7.42E-05 1.49E-04 2.97E-04 5.95E-04 1.19E-03 2.38E-03
MSG 1.67E-04 3.34E-04 6.68E-04 1.34E-03 2.67E-03 5.34E-03 1.07E-02
QHCl 4.93E-06 9.56E-06 1.94E-05 3.85E-05 7.71E-03 1.54E-04 3.08E-04
NaCl 6.69E-04 1.34E-03 2.67E-03 5.36E-03 1.05E-02 2.14E-02 4.28E-02
Sucrose 2.28E-04 4.56E-04 9.13E-04 1.83E-03 3.65E-03 7.30E-03 1.46E-02
a Concentration levels converted to molarity.
REGWQ Results 
Means with the same letter are not significantly different. 
REGWQ Grouping Mean N Sample 
 A  4.9000 4 50-50 
 A  4.1125 4 aqu_5 
 B  2.9000 4 SBO 
C B  2.4500 4 aqu_a 
C B  2.3875 4 AMF 
C B D 2.3000 4 aqu_s 
C B D 1.7250 4 Control (aqu_5) 
C  D 1.6236 4 Control (AMF) 
C  D 1.6125 4 Control (SBO) 
C  D 1.5875 4 Control (50-50) 
C  D 1.5639 4 Control (aqu_a) 
  D 1.0625 4 Control (aqu_s) 
 
Alpha  0.05 
Error Degrees of Freedom  33 
Error Mean Square  0.278284 
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Table 75 - Mean viscosities ± SEM for all threshold tests samples. 
 
Tastant Level a
Citric Acid 0 2.5 ± 0.0 1.4 ± 0.0 2.4 ± 0.0 1.5 ± 0.0 2.3 ± 0.0 1.4 ± 0.0
Citric Acid 1 2.6 ± 0.1 1.4 ± 0.0 2.4 ± 0.0 1.5 ± 0.0 2.4 ± 0.0 1.4 ± 0.1
Citric Acid 2 2.6 ± 0.1 1.5 ± 0.0 2.5 ± 0.0 1.5 ± 0.1 2.4 ± 0.0 1.4 ± 0.1
Citric Acid 3 2.6 ± 0.1 1.5 ± 0.2 2.5 ± 0.0 1.4 ± 0.0 2.4 ± 0.0 1.5 ± 0.2
Citric Acid 4 2.6 ± 0.1 1.5 ± 0.0 2.5 ± 0.0 1.5 ± 0.1 2.4 ± 0.0 1.4 ± 0.0
Citric Acid 5 2.6 ± 0.1 1.5 ± 0.0 2.5 ± 0.0 1.4 ± 0.0 2.4 ± 0.1 1.3 ± 0.0
Citric Acid 6 2.6 ± 0.0 1.4 ± 0.0 2.4 ± 0.0 1.6 ± 0.0 2.4 ± 0.1 1.4 ± 0.0
Citric Acid 7 2.7 ± 0.2 1.4 ± 0.0 2.6 ± 0.0 1.4 ± 0.1 2.4 ± 0.1 1.5 ± 0.2
MSG 0 2.4 ± 0.1 1.4 ± 0.0 2.3 ± 0.0 1.3 ± 0.0 2.4 ± 0.0 1.5 ± 0.0
MSG 1 2.5 ± 0.0 1.5 ± 0.0 2.4 ± 0.1 1.3 ± 0.0 2.4 ± 0.1 1.3 ± 0.0
MSG 2 2.5 ± 0.0 1.7 ± 0.1 2.4 ± 0.1 1.4 ± 0.0 2.5 ± 0.1 1.4 ± 0.0
MSG 3 2.5 ± 0.0 1.5 ± 0.1 2.4 ± 0.1 1.3 ± 0.0 2.5 ± 0.2 1.5 ± 0.0
MSG 4 2.6 ± 0.1 1.6 ± 0.2 2.5 ± 0.1 1.3 ± 0.0 2.5 ± 0.0 1.5 ± 0.0
MSG 5 2.5 ± 0.1 1.5 ± 0.0 2.7 ± 0.3 1.4 ± 0.0 2.5 ± 0.0 1.5 ± 0.0
MSG 6 2.5 ± 0.0 1.6 ± 0.2 3.7 ± 1.3 1.3 ± 0.0 2.5 ± 0.0 1.5 ± 0.0
MSG 7 2.6 ± 0.1 1.4 ± 0.1 2.4 ± 0.0 1.3 ± 0.0 2.5 ± 0.0 1.4 ± 0.0
QHCl 0 2.4 ± 0.1 1.3 ± 0.0 2.5 ± 0.1 1.4 ± 0.0 2.5 ± 0.0 1.4 ± 0.0
QHCl 1 2.3 ± 0.0 1.3 ± 0.0 2.6 ± 0.0 1.5 ± 0.0 2.5 ± 0.0 1.3 ± 0.0
QHCl 2 2.3 ± 0.0 1.3 ± 0.0 2.6 ± 0.0 1.5 ± 0.0 2.4 ± 0.1 1.4 ± 0.0
QHCl 3 2.4 ± 0.1 1.4 ± 0.0 2.6 ± 0.2 1.4 ± 0.0 2.4 ± 0.0 1.4 ± 0.1
QHCl 4 2.4 ± 0.0 1.3 ± 0.0 2.6 ± 0.0 1.4 ± 0.1 2.4 ± 0.1 1.3 ± 0.0
QHCl 5 2.4 ± 0.1 1.3 ± 0.0 2.6 ± 0.0 1.4 ± 0.0 2.4 ± 0.1 1.4 ± 0.0
QHCl 6 2.4 ± 0.1 1.3 ± 0.0 2.6 ± 0.1 1.5 ± 0.0 2.4 ± 0.0 1.4 ± 0.1
QHCl 7 2.3 ± 0.1 1.3 ± 0.0 2.8 ± 0.0 1.4 ± 0.1 2.4 ± 0.0 1.4 ± 0.0
NaCl 0 2.6 ± 0.1 1.5 ± 0.1 2.5 ± 0.0 1.5 ± 0.0 2.3 ± 0.0 1.5 ± 0.0
NaCl 1 2.6 ± 0.1 1.6 ± 0.1 2.4 ± 0.1 1.5 ± 0.0 2.4 ± 0.0 1.4 ± 0.0
NaCl 2 2.5 ± 0.0 1.4 ± 0.0 2.3 ± 0.1 1.5 ± 0.1 2.4 ± 0.1 1.5 ± 0.0
NaCl 3 2.6 ± 0.1 1.4 ± 0.1 2.4 ± 0.1 1.6 ± 0.0 2.4 ± 0.0 1.4 ± 0.0
NaCl 4 2.5 ± 0.0 1.4 ± 0.0 2.6 ± 0.3 1.5 ± 0.0 2.5 ± 0.0 1.4 ± 0.0
NaCl 5 2.5 ± 0.0 1.4 ± 0.0 2.4 ± 0.1 1.6 ± 0.0 2.5 ± 0.0 1.4 ± 0.1
NaCl 6 2.6 ± 0.1 1.6 ± 0.2 2.5 ± 0.3 1.4 ± 0.0 2.5 ± 0.0 1.4 ± 0.0
NaCl 7 2.8 ± 0.2 1.4 ± 0.0 3.2 ± 0.9 1.6 ± 0.1 2.4 ± 0.1 1.5 ± 0.0
Sucrose 0 2.4 ± 0.1 1.3 ± 0.0 2.4 ± 0.0 1.4 ± 0.0 2.5 ± 0.1 1.4 ± 0.0
Sucrose 1 2.5 ± 0.0 1.3 ± 0.0 2.3 ± 0.1 1.4 ± 0.0 2.6 ± 0.3 1.5 ± 0.0
Sucrose 2 2.4 ± 0.0 1.3 ± 0.0 2.4 ± 0.1 1.4 ± 0.0 2.4 ± 0.3 1.6 ± 0.3
Sucrose 3 2.5 ± 0.1 1.3 ± 0.0 2.5 ± 0.1 1.5 ± 0.0 2.5 ± 0.1 1.5 ± 0.2
Sucrose 4 2.5 ± 0.0 1.3 ± 0.0 2.4 ± 0.0 1.5 ± 0.1 2.5 ± 0.1 1.5 ± 0.0
Sucrose 5 2.5 ± 0.0 1.3 ± 0.0 2.4 ± 0.0 1.4 ± 0.0 2.6 ± 0.2 1.5 ± 0.0
Sucrose 6 2.5 ± 0.0 1.4 ± 0.0 2.5 ± 0.0 1.4 ± 0.0 2.5 ± 0.1 1.4 ± 0.0
Sucrose 7 2.6 ± 0.1 1.4 ± 0.0 2.6 ± 0.1 1.4 ± 0.0 2.6 ± 0.2 1.4 ± 0.0
a Level (of tastant) refers to ascending tastant concentration series where "0" is control, or no tastant, and "7" is the 
same as the "maximum" concentration (See Table 2).
b Mean viscosities ± standard error of corresponding aqueous threshold tests for AMF-, 50-50-, and SBO-containing 
samples, respectively.
AMF Aqueous b 50-50 Aqueous b SBO Aqueous b
